


Food Research 


IN THIS ISSUE 


FLAVOR ANALYSIS 
Some Seudies on Meat Flavor 
Effect of Certain Chemicals in Water on the Flavor of Brewed 


Coffee 

Discernment of Taste Substances as Affected by Solvent Medium 
ENZYMOLOGY 

Ensyme Action and Off-Flavor in Frozen Peas. II. The Use of 

Enzymes Prepared From Garden Peas 

Enzymatic Hydrolysis of Naringin, The Bitter Principle of Grape- 
RADIATION PRESERVATION OF FOODS 

Use of Cobalt Glass Dosimetry in Electron Beam Radiation of 


Foods 
Acceptability of Fresh and Preeooked Radiated Meats 


sg EEE ob Sine Bedinasds Commpeninde tn Gh Mundie Thane of 
Aquatic Animals 
eneues te Campetties of Suutvenen Moshe Pink Salmon 
mg goalie adage Ay. cogs wl lama 
turie Acid Determination of 
Determination of Chlorophyll and Pheophytin in Broccoli Heated 
Various Procedures 
fect of Fertilizers on Quality and Composition of Tomato Juice 
Y OF FOOD 
Toxin Prodaction and Breakdown in Vacuum Pack- 
aged Fresh Meats Inoculated Botulinum 
SENSORY EVALUATION OF FOOD 
‘enderneses Within Three Muscles from Beef Round 


IES 
Method for the Rheological of 
bee te Bee ae ee Forde Dae Dieelation 
of Pulverised Sugar 
UTILIZATION OF WASTE PRODUCTS 
and Chiek Bicassays of Scales from Ocean Perch 


Rat 
Herring as Animal Feed 


NOTES AND LETTERS 
On the Action of Purified “Tomato Polygalacturonase” 


ERRATA IN 1958 
VOLUME INDEX 


Volume 23, Number 6 





\ () | 


HEE ©OINSTITUTE OF FOOD TECHNOLOGISTS 


ee Sal 





Food Research 


An Official Publication of 


The Institute of Food Technologists 





NOVEMBER-DECEMBER, 1958 Number 6 


Volume 23 





EDITORIAL BOARD 


Martin S. Peterson, Editor-in-Chief 
(Editorial Office: 11606 South Bell Avenue, 
Chicago 43, Illinois) 


Frep E. DEATHERAGE R. T. MILNER 

J. L. Ercuetts J. H. Mitcue t, Jr. 
C. A. GREENLEAF Haroitp W. ScHULTZ 
S. W. F. Hanson Cuarces R. StumsBo 
MarGaret Ives Reese H. VAUGHN 
DANIEL MELNICK R. O. WAGENAAR 


Z. I. Kertesz, Consulting Editor 


Cuarces S. Lawrence, Business Manager 
176 West Adams Street 
Chicago 3, Illinois 


Copyright, 1958 
By the Institute of Food Technologists 
Printed in U.S. A. 








Published by the Institute of Food Technologists six times a year. Printed by The Garrard Press, 
$10-522 N. Hickory Street, Champaign, Illinois. Entered as second-class matter at the Post Office at 
Champaign, Illinois, under the act of March 3, 1879. Accepted for mailing at special rate of postage 
provided for in amended Section 34.40(e), pursuant to the provisions of Public Law 233, approved 


October 8, 1951. 














Food Technology 


Published Monthly by the 


INSTITUTE OF FOOD TECHNOLOGISTS 


The Companion Journal to 


FOOD RESEARCH 


If you are a reader of FOOD RESEARCH your library is 
incomplete without FOOD TECHNOLOGY—4¢evoted to the 
publication of the results of research and their practical 
application in industry. Contributors to its pages represent. 


many fields of scientific and technological interest. 


SUBSCRIPTION RATES FOR 1959 
Foop ResearcH . . . . $8.50 Domestie and U. S. Territories; 
$10.00 all other countries. 


Foop TecHNoLocy . . . $11.00 Domestic, U. S. Territories, 
Canada and Mexico; $12.00 all other 


countries. 


Send Subscriptions to 


FOOD TECHNOLOGY 


THE GARRARD PRESS 
510-522 North Hickory Street 
CHAMPAIGN, ILLINOIS 




















Volume 23 


NOVEMBER-DECEMBER, 1958 


Number 6 








CONTENTS 


FLAVOR ANALYSIS 


SoME PRELIMINARY STUDIES ON MEAT 


Pearson 


Fravor. W. E. Kramlich and A. M. 


Errect oF CERTAIN CHEMICALS IN WATER ON THE FLAvor OF BREWED COFFEE. 


C. L. Campbell, R. K. Dawes, S. Deolalkar, and M. C. Merritt 
DISCERNMENT OF TASTE SUBSTANC 


Andrea Mackey 


"MOLOGS) 


“NZYME ACTION AND OFfF-FLAVOR 


PARED From Gari 


D. W. Thomas, V. 


and Jean Frainey 
ITY OF FRESH AND Prec 
lemier, Lois A. Sather, Flor 


Free Immazo_ce Compounns 


A. Lukton and H. S 


IN COMPOSITION OF S 
rhurston 
{ARACTERIZATION OF 
Actip Determt 
tT. C. Yu, and 
DETERMINATION OF 
VARIO 
OF Fert! 
r Saravacos, B ° Lul 
: GY OF FOOD 


(re 


Frozen Peas. II. Tut 
Peas. Frank A. Lee and A. C. Wagenknecht 
H NARINGIN, ” IT 

Smythe and M. D. 


ODS 


AS AFFECTED BY SOLVENT MEDIUM 


ENZYMES 


Tue Brirrer PrINcIPpLeE OF GRAPE- 


LECTRON BEAM 


p RADIATED MEATS 


Bautista, and R 


IN THE MUSCLE 


BREAKDOWN IN 


Clostridium Botulint 


Nank, and C. F. Schmidt 


Betty Ginger and C. Edith Weir 


ryy 


. STUDIES 
1M » FoR Mea 


Xowan, Karl H. Norris, and Charles K 
I H. } : 1 ¢ les K. 
METHOD FOR DETERMINING THE St 


PULVERIZED $ AR 
E-X PLORATORY 


‘ 


tMAL Freep. N. I. Lemack, G. E. 
ers, and D. L. Ande 


1VD LETTI 
On THE ACTION OF 
H. J. Phafi 
17 in 1958 
UME INDEX 


‘ 


3 IF\ 
- SIEVE 


PuriFiep “ToMATO PoLYGALACTURONASE 


THREE MUSCLES 


s. James D. 


zE DISTRIBUTION OF 


PERCH AND 


Parkin- 


rson 


Patel and 





SUBSCRIPTION RATES 


To members of the Inst 
nologists, $7.50 per volur 


Food Tech- 


Non-members: Domestic, .50 per volume; 
foreign, $10.00 per volume. 

Subscriptions and renewals are entered to 
begin with the first issue of the current volume. 

Single copies of current volume: Domestic, 
$1.50; foreign, $1.75. 


CORRESPONDENCE 


Editorial: Martin S. Pererson, Editor-in 
Chief, 11606 South Bell Ave., Chicago 43, Ill 

Non-Member Subscriptions, Back Volumes, 
Single Copies, and Reprints: Fooo Researcu, 
$10-522 N. Hickory Street, Champaign, Ill 

Member Subscriptions: Tue Institute oF 
Foop Tecunotocists, 176 W. Adams St., Chi- 
cago 3, Ill 

Advertising: Charles S. Lawrence, Business 
Manager, 176 W. Adams St., Chicago, Til 


CLAIMS 
Claims for copies lost in the mails must be 
received within 30 days (90 days foreign) of 
the date of issue. Notice of change of address 
must be received two weeks before date of issue 


NOTE 

The Institute of Food Technologists assumes 
no responsibility for statements in articles ap- 
pearing in Foop Resgarcn. The opinions ex 
— do not necessarily reflect policies of the 
nstitute of Food Technologists. 

Manuscripts for Foop Restarcn should con 
form to the style used in the journal and be 
submitted in duplicate to the Editor-in-Chief. 
Authors of papers intended for Foon Researcn 
should request from the Editorial office a copy 
of the booklet “Information and suggestions for 
authors.” Foon Researcn reserves the privi- 
lege of editing manuscripts to make them con- 
form with the adopted style of the journal or 
returning them to the author for revision. 
Changes made by the Editorial Office may 
reviewed by authors when they examine proof. 














— MAKING 
‘6OOD JUICES BETTER 


A series devoted to brief facts about the vital health-giving vitamins. 


Vitamin C (l-ascorbic acid) may be added to 

certain fruit and vegetable juices to standardize 

their content of vitamin C thus overcoming wide 

variations which may occur in the natural prod- 

uct. A label statement of 100% of the minimum 

daily adult requirement may be made when a 

juice serving contains 30 milligrams of vitamin 

C. Many nutritionists believe that the public interest is best served 
when the vitamin C content of processed juices is so standardized. 


Note the wide variations of vitamin C in commercially 
canned American juices. Data from the U. S. Dept. of 
Agriculture in mg. per 100 grams of juice. 

Juice Min. Max. 
Grapefruit 10.0 49.0 
Orange 9.7 70.0 
Pineapple 5.4 18.0 
Apple 0.2 3.6 
Grape 0 4.7 
Tomato 2.5 32.0 


Send for information about the simple procedures used to standardize 
processed juices so that they have a significant vitamin C value. There 
is no charge or obligation. Just write to the Vitamin Division. 


If you are engaged in the manufacture of foods or pharmaceuticals. 
our technical service is at your disposal .. . in confidence, of course. 


VITAMIN DIVISION © HOFFMANN-LA ROCHE INC. + = NuTLEY 10, N.J. 


Roche Research and Roche Products Preserve 
and Protect the World's Health 


ROCHE ROUND THE WORLD 


BRUSSELS . BUENOS AIRES « GRENZACH « HAVANA 


MONTEVIDEO . MONTREAL . PARIS 


AFFILIATED COMPANIES: BASLE «. BOGOTA . 


JOHANNESBURG . LONDON . MADRID . MEXICO CITY . MILAN . 


RIO DE JANEIRO . STOCKHOLM . SYDNEY . TOKYO . VIENNA . AGENCIES IN OTHER COUNTRIES 











SOME PRELIMINARY STUDIES ON MEAT FLAVOR®*®¢ 


W. E. KRAMLICH anp A. M. PEARSON 
Department of Animal Husbandry, Food Technology Program 
Michigan Agricultural Experiment Station, East Lansing, Michigan 


(Manuscript received May 31, 1958) 


Although flavor is one of the major desirable attributes of meat, char- 
acterization and identification of the responsible components have not been 
accomplished. Crocker (3) reported that the flavor of raw meat is mainly 
confined to the juices, whereas cooked meat flavor appears to be due to chem- 
ical changes occurring in the fiber rather than in the juice. The flavor of 
cooked beef has been reported to be quite complicated chemically and to be 
mainly odor rather than taste (3). Work with chicken indicates that the sub- 
stances responsible for the chicken flavor can be extracted from the fiber by 
cold water (6). Fat has been found to contribute little if any flavor to chicken 
broth, but does appear to contribute in some manner to the aroma (2, 5). 


This preliminary investigation was undertaken to characterize and ascer 


Lisve 


ie intensity of flavor in various beef and beef juice fractions. 


EXPERIMENTAL 


meat. The meat used in all phases of this investigation 


uscle from ; S. Good grade beef rib. Roasts 


i 


Source of 
I ngissimus dor 
moved as needed for flavor 

Flavor threshold determinations. To determine the threshold at which the flavor 
could be detected a series of water dilutions were made and submitted to a panel of 3 to 5 
judges. Each judge was asked to record the flask number in which he could first obtain a 
definite flavor. De-ionized distilled water was used to make all dilutions. Samples were at 
room temperature when tested. Whenever a filtrate was used, the solution was filtered 
through acid-washed Whatman 41-H filter paper, previously washed with de-ionized dis 
tilled water to remove the acid taste 

Values reported as the flavor threshold in this study are those reported by the majority 
of the judges. However, there was generally excellent agreement between different judges, 
and real discrepancies were apparent only on a few occasions. 

Characterization of Flavor. Flavor was characterized by having the entire group 
of judges suggest descriptive terms until the group was satisfied that the taste sensations 
were adequately described. Raw meat, cooked meat, press fluid and press cake (both raw 
and cooked) were characterized and are reported. 

Raw meat. The raw meat was made into a slurry (1 part meat to 2 parts of water) 
in a Waring blender and used for flavor threshold determinations. After the initial flavor 
threshold was ascertained, the slurry was filtered and the filtrate collected 

Raw meat filtrate. After the maximum dilution at which flavor could be detected 
was determined, the filtrate was heated for one hour over a steam bath at 93° C. The 
original filtrate was cooled and the flavor threshold was again determined to see if heating 
had any effect on intensity of flavor. The previously heated filtrate was again filtered to 
remove the slight precipitate that formed on heating, and to determine whether the flavor 
was concentrated in the precipitate or the aqueous portion 

Raw meat residue. A portion of the residue remaining on the filter paper after the 
initial filtration was tasted and the flavor characterized. The remaining residue was re- 

* Journal Article 2268 Michigan Agricultural Experiment Station, East Lansing 

> Presented at Eighteenth Annual Meeting of the Institute of Food Te ‘inologists, 
Chicago, Illinois, May 26, 1958. 

* A portion of the research completed for the Ph.D. thesis by the senior author. 
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suspended in water, heated over a steam bath at 93° C. for one half hour, cooled, and the 
flavor characterized again to ascertain the influence of heating upon the raw meat fibers 
Cooked meat. The meat was roasted to an internal toner: ture of 74° C. in an elec- 
tric oven held at 149° C. A meat-water slurry was prepared in the same manner as with 
the raw meat; the same procedure was followed as that used for studying the slurry, 
filtrate, and residue of the raw meat. 
Press fluid from raw beef. ‘Ihe meat juice was extract 
Carver Laboratory Press. Three grams of shredded filter paper were mix 
100 g. of coarsely ground meat beiore pressing. Each 100-g. samp n 
for 10 minutes at a pressure of 6,000 Ibs. psi., after the pressur 
during a 5-minute period, and the volume of press fluid 
characterized by the panel < he flavor threshold w 
remainder of the press fluid was heated for one hour over : 
and the flavor threshold again determined to ascertain 
of press fluid from raw beef he material, which 
removed by filtering, and the threshold determination made upon the filt 
Press cake from raw beef. The press cake from raw beef was 
and its flavor characterized. Then a 1-3 water slurry was prepared 
for one hour. The slurry was cooled to room temperature, tasted by = as 
the flavor was characterized. The slurry was then filtered to remove tl 
particles and the filtrate was tasted. 
Press fluid from cooked beef. The meat was prey 


pre snr described. Press fluid was collected by the procedur 


flavor threshold determinations we 

Pose cake from cooked beef. 
of press cake. The suspension was 
filtered and the filtrate tasted 

Leaching studies on meat flavor. Kaz 
into l-inch cubes, covered with 300 g. of de 
frigerator held at approximately 4° (¢ \t 24-1 
the meat was squeezed by hand. Leachings were collected ar used 
The meat was again covered with 300 ml. of previously cooled water 
refrigerator. The flavor threshold was determined for the | ling 
the leachings was heated over a 93° C. steam bath for one hour 
were then cooled and threshold determinations made. 

Cooked beef. A beet roast was roasted as described previously 
into cubes and treated the same as the raw meat except that the lea 


simmered. 

Chemical Analysis: Dry matter and ether extract were determined for the raw beef 
roast, the cooked beef roast, raw press fluid, cooked press fluid, raw press cake an woke 
press cake with modification (4) of the procedure described by Benne, ul Hall nd 
Pearson (1). In addition, pH readings were taken at each step throughout the investigation 


ad 
i 


RESULTS AND DISCUSSION 


Studies on Raw Beef 

Characterization of flavor. Raw beef was characterized as blood-like 
slightly salty, and somewhat pleasant. When the taster held his nostrils 
slightly astringent effect was noted but no other flavor was perceptible. 
releasing the nostrils, a flood of flavor filled the mouth 

Flavor threshold. Figure 1 shows the flavor threshold determinations of 
the various raw beef fractions studied. The maximum dilution at which the 
raw beef could be detected was 1-50, and after filtering it could still be 
detected at 1-50. Thus, it is apparent that the raw beef flavor was primarily 


located in the juice, which is in agreement with Crocker’s results (3). After 
simmering the raw beef filtrate, the flavor threshold was found to be 1-70 
and remained the same after filtering. Consequently, the flavor was intensified 
on cooking the juice as shown by the change in flavor threshold. In addition, 
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it was shown that the raw juice developed a cooked meat flavor on heating, 
which shows that at least part of the cooked meat flavor is present in the 
juices in contrast to Crocker’s (3) conclusion that the fibers are primarily 
responsible for cooked meat flavor. 

The raw residue remaining after filtration had a chalky, bitter, and un- 
pleasant flavor. Heating the water-residue mixture resulted in development 
of a pleasant, somewhat bland, slightly meaty flavored solution. Filtering the 
mixture did not e the flavor characteristics of the filtrate. Thus, it 1s 
evident that the y flavor is water soluble and was largely removed in the 


aqueous portion of the original filtrate from the meat-water slurry. 


Studies on Cooked Beef 


Characterization of flavor. Cooked beef was characterized as being 
pleasant and meaty. When the taster held his nostrils, no flavor was detec 
table, but on releasing the nostrils, a flood of pleasant meaty flavor filled the 
mouth. Thus, the flavor of cooked beef appeared to be closely allied with the 
sense of smell. 

Flavor threshold. Flavor threshold values for different roast beef frac- 

let 


; 


ected at 


tions are presented in Figure 1. The original roast beef could be de 


FLAVOR THRESHOLD DETERMINATIONS 
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Figure 1. Flavor threshold determinations for various raw and cooked beef fractions. 


1-180, and filtering did not change the threshold. It is evident that the flavor 
components are water soluble and are not bound to the fibers. When the wate 
filtrate was heated over a steam bath, the flavor threshold was lowered to 
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1-120, which did not change on filtering off the coagulable portion. The drop 
in the flavor threshold is probably due to a loss of the volatile flavor con- 
stituents during heating. Since the amount of fat-free dry matter (Table 1) 
is greater in the heated filtrate than in the original filtrate, it is obvious that 
the flavor changes observed are not a function of dry matter. 

The difference in flavor thresholds between raw and cooked meat indicates 
that cooking develops or intensifies the meat flavor. Examination of the dif- 
ferences in fat-free dry matter (Table 1) between raw and cooked beef at 
the flavor threshold reveals that the cooked beef can be detected at a greater 
dilution of fat-free dry matter. Since the flavor was not nearly as apparent 
on heating the raw fibers in water, it is postulated that heating the juices and 
fibers together may intensify or enhance the development of flavor. 


TABLE 1 


Flavor thresholds and chemical determinations on various meat fractions ! 





Flavor H | Dry Ether Fat free 
threshold P |} matter extract day matter 








o ci 


Raw beef roast o a 29.87 8.6. 21.24 


Raw beef slurry 1-50 : 60 : 42 
Filtrate of raw beef slurry 1-50 . ' Fae 42 
Heated filtrate of raw beef slurry 1-90 5. 33 E .24 


Cooked beef roast == 


Cooked beef slurry 1-180 
Filtrate of cooked beef slurry 1-180 
Heated filtrate of cooked beef 

slurry 1-120 
Filtrate of heated filtrate of 

cooked beef slurry 1-120 


Raw press fluid _ 


Raw press fluid 1-70 

Heated raw press fluid 1-260 

Filtrate of heated raw press fluid 1-260 
Raw pressed fiber —_ 
Heated raw pressed fiber -- 


0008 
0008 
6.381 


wun vnu 
SI SIS Ww 
oho oS 


Cooked beef press fluid — —_ / 2 | 0.31 
Cooked beef press fluid 1-300 6.00 0. 001 038 
Filtrate of cooked beef press fluid) 1-300 6.00 . 001 038 
Cooked pressed fiber 5.92 ae 7.45 59.90 





1 All fat, dry matter and fat-free dry matter percentages are based on the original composition 
of each roast due to difficulty in obtaining suitable methods for such high dilutions. Thus, no corrections 
are made for material removed by filtering. 


The cooked meat residue remaining after the first filtration had a mild, 
pleasant roast beef flavor. On heating a water suspension of the residue, it 
developed a somewhat stronger roast beef flavor. Thus, indications are that 
the flavor is retained more tenaciously by the fibers after heating, which is 
in partial agreement with Crocker (3). On filtering the water-residue suspen- 
sion, the filtrate was strong and slightly bitter, whereas the remaining residue 

yas bland, flat, and slightly beefy. 
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Press Fluid Studies 

Characterization. Undiluted raw press fluid was characterized as being 
strong, unpleasant and visceral-like. The flavor of the press fluid from cooked 
beef was less objectionable than the raw, but it was rather strong and some- 
what visceral or animal-like in taste. The flavor of both the raw and cooked 
press fluid appeared to be predominately odor. 

Flavor threshold. The raw press fluid had a flavor threshold of 1-70, 
which increased to 1-260 upon heating. Removal of the fat and coagulated 
material did not alter the level of detection. Furthermore, the flavor of 
the filtrate was very strong but meaty. Thus, the flavor components in beef 
could be pressed from the fiber. Furthermore, the flavor was intensified upon 
heating the filtrate, which shows that cooking develops or enhances the flavor 
of the press fluid. It is interesting that the fat-free dry matter at the detec 
tion threshold of heated press fluid was only one-fourth as high as it was at 
the flavor threshold for the raw press fluid (Table 1). It is therefore evident 
again that flavor is not a function of dry matter. 

The flavor threshold for press fluid from roast beef was found to be 1-300 


and was not altered by filtration. Cooking prior to pressing appeared to inten 
sify the flavor of the press fluid, which again indicates cooking of the fibers 


and juice together resulted in greater flavor development 
On heating the raw press cake in water, a pleasant beefy flavor was de- 


veloped. Although a fatty film was present on the surface after heating, the 


FLAVOR THRESHOLD DETERMINATIONS 
80 20 @0_ 20024280320 





RAW PRESS FLUID 


HEATED RAW PRESS FLUID 


A. 


RAW BEEF 


PRESS FLUID 
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COOKED BEEF PRESS FLUID 


BEEF 


PRESS FLUIO 


FILTRATE OF COOKED BEEF PRESS FLUID 





COOKED 





. 


Figure 2. Flavor threshold determinations for various raw and cooked press fluid 
fractions. 
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flavor was still present in the filtrate to about the same extent. Hence, flavor 
did not appear to be associated with the fatty portion. Examination of the 
data in Table 1 on percentage fat at different flavor thresholds also verifies 
the fact that intensity of flavor and fat content are not related, which is in 
agreement with work on poultry (2, 5,6). 


Chemical Components 


It has been pointed out previously that neither fat content nor fat-free dry 
matter are responsible for meat flavor. Although cooking brought about an 
increase in pH, the change in pH certainly does not account for most of the 
flavor changes since it becomes more difficult to identify pH changes as 
neutrality is approached. 


Leaching Studies 


The flavor of raw meat leachings were characterized as being slightly 
blood-like and bland ; the flavor of the leachings from cooked meat was meaty 
and slightly astringent. The raw meat was devoid of flavor after leaching 
for 3 days and the cooked meat after 5 days. 

Flavor thresholds of the raw leachings were 1-50, 1-20 and 1-5 at the end 
of the first, second and third 24-hour periods of leaching, respectively ( Fig- 
ure 2). The detection threshold was found to increase upon heating the 
leachings to 1-100 for first period, 1-60 for the second and 1-30 for the third 
24 hour period. With the cooked meat leachings, the threshold was 1-40 after 
the first period, 1-15 for the second, 1-10 for the third and 1-5 after both the 


fourth and fifth 24 hour leaching periods (Figure 2). Leaching could not 


be carried out longer with either the cooked or raw series because spoilage 
ensued. 

Results of the leaching studies show the flavor of beef can be leached 
out of both the cooked and raw beef, although the cooked beef fibers ap- 
pear to bind the flavor components more tenaciously. The binding effect is 
1 


+ 


evident from the lower initial flavor threshold of the cooked leachings 
the longer period of time over which flavor could be leached from the cooked 
meat. The leaching of flavor from beef is in agreement with the results of 
Pippen, Campbell, and Streiter (6) for poultry. 


SUMMARY 


This investigation was undertaken to characterize and ascertain the in 


tensity of flavor in various meat and meat juice fractions. A dilution tect 


nique of ascertaining the detection threshold with a panel was used for the 
experiment. Raw and cooked beef water slurries, raw and cooked press fluid 
and filter cake, and raw and cooked meat water leachings with the various 
filtrates, both before and after heating, were used to study flavor changes 

The character of the flavor varied greatly between the raw and cooked 
fractions, yet upon heating the raw fractions the flavor appeared to differ 
only in intensity. It was evident that press fluid had a highly concentrated 
flavor. Results showed the flavor constituents were largely water soluble in 
both the cooked and raw fractions. However, cooking prior to extraction 
increased the flavor threshold, indicating that full flavor development may be 
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FLAVOR THRESHOLD DETERMINATIONS 


40 60 120 160 200 240 2860 





1°" 24 HR. PERIOD 


2°°24 HR. PERIOD 


LEACHINGS FROM 
RAW BEEF 
A 


3°° 24 HR. PERIOD 
I-5 





1" 24 HR. PERIOD 


2°24 HR. PERIOD 
1-60 


HEATING 


3°° 24 HR. PERIOD 


LEACHINGS FROM 
RAW BEEF AFTER 


1°" 24 HR. PERIOD 


2° 24 HR PERIOD 


3°° 24 HR. PERIOD 
1-10 


BEEF 
_ = 


COOKED 


4" 24 HR PERIOD 


- 


5" 24 HR PERIOD 
bes 

Figure 3. Flavor threshold determinations for leachings from raw and cooked 
beef roasts. 
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due to heating of the juice and fibers together. Leaching of the meat with 

water resulted in a complete loss of flavor with both cooked and raw meat, but 

the cooked meat maintained its flavor over a longer period of time. 

hemical analvsis showed that 
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EFFECT OF CERTAIN CHEMICALS IN WATER 
ON THE FLAVOR OF BREWED COFFEE®* 


C. L. CAMPBELL, R. K. DAWES, S. DEOLALKAR, anv M. C. MERRITT 
Department of Food Technology, 
Massachusetts Institute of Technology, Cambridge, Mass. 


(Manuscript received March 28, 1958) 


Organoleptic studies of odor-producing impurities which might impair 
the taste of water supplies and coffee brewed therefrom have been conducted 
and taste thresholds of six odor-producing chemicals and four non-volatile 
compounds used in water treatment have been estimated. These experiments 
supplement earlier work by Lockhart, Tucker, and Merritt (2) which was 
concerned with threshold levels of inorganic ions normally present in water 
supplies. 

Ammonia, chlorine, hydrogen sulfide, phenol and the ortho- and para- 
chlorophenols were selected as typical examples of odor-producing impurities 
found in some municipal water supplies. 

It was assumed that coffee-making equipment and china would retain 
traces, at least, of chemicals used for cleansing and that coffee brew might 
contain water softening compounds in appreciable amounts. Disodium di- 


hydrogen versenate, commonly used as a sequestering agent, and Calgon, 


were selected as representative water-softeners. Trisodium phosphate, a 
heavy duty cleanser, and Tide, an all-purpose detergent, were also included 
in this phase of the experiment. Threshold levels were determined for the 
selected compounds in water and in coffee brew made from water solutions 
of the respective chemicals. I[-ffect of these chemicals on the flavor of the 
brewed cotfee was also noted. 

Solutions of the chemicals were prepared with redistilled water in terms 
of parts per million. Residual chlorine was determined in water heated by the 
method for preparation of standard coffee brew (2). Threshold values were 
reported in terms of residual chlorine. Variable losses of hydrogen sulfide 
made reliable es 
negligible losses of ortho- and parachlorophenol during brewing were con- 

Beckman Model DU 


imates of thresholds in treated coffee brew unfeasible. The 


t 
firmed by the of standard curves obtained with a 


(Quartz Spectrophotometer. 


4 1 


Concentrations chosen for triangle tests were such that the odd sample 


© but less than 100% of the judges. 


would be identified by more than 35‘ 

The coffee used was one selected from several as an acceptable brand. It 
was a Silex-grind type and vacuum-packed in one-pound cans. The coffee 
brew was prepared in Silex glass coffee makers by the method previously 
used (2). Controls were brewed with redistilled water and treated samples 


were brewed with the solutions described above. 


EXPERIMENTAL 
Method. Organoleptic panels of 21-22 experienced judges participated in difference 


tests of the triangle type. Since panel members were selected from among the depart 


*Contribution No. 328 from the Department of Food Technology, Massachusetts 


Institute of Technology, Cambridge, Mass ’ 
3 & 
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mental staff and graduate students, membership varied day by day. Panel tests were con- 
ducted only at periods about 2 hours before and after the noon hour. 

Triangle tests were used both for threshold concentrations in water and for detectable 
levels in coffee brew. Samples were served in 25-ml. portions in coded 150-ml. beakers. 
Combinations were randomized and judges were asked only to identify the odd sample. 
In the case of coffee brew only the judges were asked to score the samples on the 
hedonic scale. 


Data for the determination of taste thresholds of additives in water are given in Table 


TABLE 1 
__ Data for the measurement of taste thresholds of chemicals in water solution 











Separations | Percentages 





Total Correct | Correct - . 
} chance 


Chemical | 0 a } Above 
} 





Ammonia 5 21 13 | 
21 15 | 
21 ; 

Calgon (sodium 21 
hexametaphosphate) 


Chlorine 


O-Chlorophenol 
0.004 
0.05 
0.1 


ind in 
Nm Oo 


P-Chlorophenol 


— eo 





P-Chlorophenol 
(in tap water) 


eae 
no 
~ 


uw 
—, 


Disodium 
dihydrogen 
versenate 


muws 
NNN A 


who 


Hydrogen 0.010 
sulfide 0.027 
0.051 
0.056 





rin in 


Phenol 








Tide (all 
purpose 
detergent) 





Trisodium 
phosphate 








CHEMICALS IN WATER AND COFFEE FLAVOR 


TABLE 2 
Data relating to the effect of chernicals on the flavor of coffee brew 








Separations Hedonic scores 





Total Correct Control Test 


ppm 





wn 


Ammonia 104 21 12 4.8 


700 21 47 
21 13 6.0 
5.6 


Calgon (sodium 
900 
1000 


ae wm 


hexametaphosphate) 


8 
6 
0 
8 


1) 


wim 


82 
114 


159 


NMNwWwH 
aUSoS> As oO 


ww" 


to 


0.0005 
0.001 
0.005 


0.0] 


O-Chlorophenol 


~ 
— 


mw 


Nw ~~ em 


P-Chlorophenol 
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TABLE 3 


Threshold concentrations of selected chemical impurities in water and coffee 





Compound 





Threshold in water ppm 


| Threshold in coffee brew ppm 





Odor-producing chemicals 





Ammonia 





Chlorine 


Chlorophenols 


34.0 
$2 
0.006 
0.9 
1.35 8 


0.05 


60.0 





Detergents; water softeners 





Calgon 


Disodium dihydrogen 
versenate 


200.0 


120.0 


104.02 


108.0 


0.001 
3.60 
1.33 3 


0.12 2 


105.0 


935.0 


825.0 


100.0 


0 NE eae RO RS oe 12.0 


225.0 1550.0 


Trisodium phosphate 





1 Color change prevented use of higher concentrations 
2 Losses by volatilization made higher levels difficult to measure 
3 Tap water substituted for redistilled water in water solution and coffee brew 


1. Results of organoleptic tests on coffee appear in Table 2, and threshold concentrations 
for both water and coffee are summarized in Table 3 

When 50% above chance of the judges separated the samples correctly in a given 
triangle test, the concentration of additive used in that test was taken as the threshold level 


DISCUSSION 


The threshold of ammonia in redistilled water was found to be 34 p.p.m. 
Free ammonia is seldom reported by water departments. Amounts of 0.023 
p.p.m. and 0.047 p.p.m. in water from 2 sources appeared in an average re- 
port for 1952 from New York City’s Bureau of Water Supply (private com- 
munication ). 

At a concentration of 104 p.p.m. in coffee brew, ammonia-treated sam- 
ples were correctly separated from the control by only 23.8% above chance 
of the judges on a panel. Efforts to obtain a threshold concentration, at 50% 
above chance, were thwarted by visible color changes in the coffee. 

Residual chlorine seldom appears in municipal water reports. A typical 
analysis from Miami, Florida, in 1950, listed 0.5 p.p.m. of chlorine at the 
plant and 0.1 p.p.m. in the distribution system (private communication, De- 
partment of Water and Sewers). Both concentrations are far below the 
thresholds in Table 3. 

Low thresholds of hydrogen sulfide were found, both in redistilled water 
and in brewed coffee (Table 3). In the Miami report, quoted above, the 
hydrogen sulfide content of raw water was 0.5 p.p.m., whereas that of treated 
water was zero. In general, this offensive compound does not appear in 
analyses of public water supplies. 
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Phenolic compounds in potable waters entering interstate commerce are 
limited to 0.001 p.p.m. (3). Table 3 shows the thresholds for phenol and, 
with one exception, thresholds for ortho- and parachlorophenols, to be some- 
what higher than the foregoing tolerance. When a water supply is contam 
inated with industrial wastes, presence of chlorophenols will create problems 
because of their persistent nature. Removal of ortho- and parachlorophenol 
from a stream is said to require a highly specialized organism, and a much 
longer time for biological oxidation is needed than is required for removing 
phenols and cresols (4). 

Water softeners and cleansing compounds were tested in both water and 
cofttee brew to determine whether flavor thresholds were low and in the range 
of concentrations which might conceivably remain in softened water or in 


kitchen equipment cleansed with such compounds. If the several thresholds 
were found to be high, it could be assumed that the consumer of coffee would 


be unaware of trace contaminants. 

Table 3 shows the thresholds found in water and coffee brew for Calgon, 
disodium dihydrogen versenate, Tide, and trisodium phosphate. The detec- 
table concentrations in all cases are probably higher than the residual amounts 
of the 4 compounds found in water and in coffee-making equipment. The 
threshold level of Tide is a possible exception. It is low enough to indicate 
that china, glass, and other containers should be rinsed thoroughly after being 
cleaned. 

When the flavor of control and treated coffee brews was scored by the 
panel on a hedonic scale, some interesting results were observed. Scores 
were variable, but were not appreciably lower for maximum concentrations 
than for minimum concentrations of the respective additives (Table 2). Ex- 
ceptions were found in the cases of ortho-chlorophenol, hydrogen sulfide, and 
phenol 

SUMMARY 

Taste thresholds have been estimated in redistilled water and coffee brew 
for six odor-producing chemicals and for four non-volatile compounds used 
in water treatment. Threshold concentrations were generally found to be 
well above amounts of the chemicals known or assumed to be found in public 
water supplies. Taste thresholds of additives measured in coffee were usualls 
higher than the respective thresholds found in water solution. 
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The aspect of taste-test research reported herewith deals with the effect 
of a lipid medium as contrasted with a water medium on taste perception. 
The purpose was to determine the part that fatty substances may play in 
carrying taste, and to contribute information on the tissue penetrability of 
lipoidal material. 

Evidence has been presented to the effect that lipoid solubility contributes 
to taste perception. In discussing the anomalous sourness of weak organic 
acids, Moncrieff (4) points out that acetic acid, for example, is a much 
better solvent for fatty substances than mineral acids. 

Taylor, Farthing and Berman (6) found that the introduction of polar 
groups to organic acids reduced the penetrating power, while increase in 
length of the carbon chain facilitated penetration. 

Parker (5) states that the sweet taste and the bitter taste are primarily 
associated with organic compounds. The sweet taste and the bitter taste are 


excited both by ions and by molecules. The sweet taste, notably, is produced 


by a variety of compounds which are not ionized. Loginov, as reported by 
Moncrieff (4) states that in a homologous series of sweetening substances, 
an optimum sweetness for a certain size of molecule and solubility is always 
found. He states further that the sweetness of aromatic 
stances such as saccharin and dulcin can be correlated with 
hemical properties. Yet 


sweetening sub- 
their water 


1 
} 


ic 


solubility as well as with other physical and c t 
water solubility of saccharin is very low. 

Bitter taste is chiefly associated with alkaloids and certain glucosides, 
but is given by a variety of other compounds, including the large group 
hy phenylthiocarbamide, the bile salts, picric acid, and magnesium, 


typitie i 
the 


ammonium and calcium salts, the cations of these inorganic salts being 
effective agents (4). 

The bitter taste is widely distributed in nature, being present in nuts, 
fruits, vegetables, cereals and many other foods (1). 

According to Parker (5), the stimulus for taste is an aqueous solution. 
Materials insoluble in water are tasteless. Yet if water solubility is ac 
companied with lipoid solubility more general access to the receptors of 
is possible with correspondingly more acute sensation (4). 

If lipoic solubility increases penetration of tissues, it should follow that 
taste substances having the property of solubility in both aqueous and orga 


media, when dissolved in a lipid medium should be especially easy to detect. 


taste 


t 


nt 
L1it 


PROCEDURE 


In order to secure evidence for the perceptibility of taste substances in 
j substar in water 


4 lipid medi im, 


it was necessary to compare the perceptibility of taste of the san 


* Technical paper No. 1148, Oregor 
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solution. Taste substances suitable for study were necessarily soluble both in oil and water 

Substances that are available commercially, that are suitable for taste testing, and that 

soluble in both oil and water are few. 

Caffeine, quinine, and saccharin were selected for study. 

stances is shown in Table I (2). Although only slightly soluble in some media, the amount 
that could be dissolved was ample for testing thresholds of taste both in oil 


are 
The solubility of these sub 


of substance 
and water medium. 

Solutions were prepared using oil as the 
The oil selected was highly refined peanut oil, I 
bstance were usec 


1 water as tl 


solvent for one series and 1€ 
havir 


solvent for the other series wa 
minimum of taste or flavor. Identical concentrations of a given su 1 in 
these parallel series. The concentrations used are shown in Table 2 


TABLE 1 


Solubility of substances used for testing the effect of solvent medium on 
taste discernment. (Ref. 2) 


Caffeine 

{ CsH jo! JoNg*HeO) 
Quinine 0.064 
(Cop H 246 JoNo*3H2O) 
Saccharin 0.43 


(CrHsNO3S) 


TABLE 2 


Concentrations of taste substances in test solutions 





Saccharin linine Caffeine 


Molarity g/1000 ml Molarity g/1000 ml Molarity 
0000188 0034 0000062 .0023 00025 
000025 0046 0000125 0047 .0005 
00005 0092 000025 0095 001 
000075 .0189 0015 


000] 0378 002 


000125 


0137 00005 
000) 

00015 0568 
3), iscosity of the oil was a 
A third series 
The viscosity of 
bute flavor or 


food may affect its taste (: 

uld not be reduced to that of 

as therefore included consisting of water solutions plus methylcellul 
‘responded to that of the oil. The cellulose did r 

ons. The viscosity of the oil was 115 cp 

Ided to 1000 ml 


Since the texture of a 
Obviously, the viscosity rt 


. each 0.5 g.. were 
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RESULTS AND CONCLUSIONS 


Six judges completed the series of tests of 3 substances each dissolved 
J > 
For ease of comparison, the data 


in oil, water, and water plus cellulose. 
are plotted, Figure 1. 
of correct responses at each concentration of taste substances. 

It is evident that all of the taste substances were less easily detected in 
oil than in water solution. This was true even in the case of quinine which 
is more soluble in organic media than in water. Taste substances in water 
plus cellulose were less readily detected than in water alone, but more easily 


Each point represents a simple count of the number 
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Figure 1. Perception of taste of bitter and sweet substances in oil, water and 
water plus methylcellulose media. 


* 18 possible 
** See Table 2 for concentration 
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than in oil, although the viscosity of the cellulose-water and of the oil was 
the same. 

The taste substances in lipid solution penetrated less readily to the taste 
receptors than the same substances in water solution. Apparently it was 
necessary for the substance to dissolve in the saliva before it could be tasted. 
The final “ves” or “no” answers at each concentration, were arrived at only 
after considerable tasting and retasting,— especially in the case of the oil 
solutions. When in oil, the bitter substances were especially hard to detect. 


Interpreting these results in the light of the research reported in the 


literature, it appears that water solubility is of first importance, even though 
accompanying lipoid solubility is a contributing factor to taste perception, as 
pointed out by Moncrieff (4). It appears logical to conclude, furthermore, 
that the bitter taste, when noticeable in foods, is carried in water solution 
rather than in the lipids that may be present. 
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Development of off-flavor in raw and underblanched vegetables during 
frozen storage seems to occur as a result of enzyme action (1). Use of model 
systems has shown that off-flavors can be produced during frozen storage by 
adding commercial enzymes employing macerates of enzymatically inert 
blanched peas (14). Other work of this laboratory (7,8) showed that 
changes which take place during the frozen storage of unblanched peas are 
progressive in character. 

Soybean lipoxidase caused deterioration of lipids and lowered flavor 
scores as determined by chemical analysis and taste panel evaluation, fol- 
lowing prolonged storage at — 17.8° C. Pancreatic lipase brought about 
chemical changes but off-flavors could not be determined with certainty be- 
cause of flavors imparted to the pea slurry by the added enzyme itself. Ad- 
dition of liver catalase and horseradish peroxidase to blanched peas produced 
only slight changes in quality during frozen storage. 

Quality changes produced by these enzymes were of considerable interest, 
but it was thought that effects of enzymes from sources other than peas 
might not :.ccessarily be the same as those produced by native pea enzymes. 

This paper deals with the preparations of partially purified enzymes from 
peas and addition of these enzyme preparations to blanched pea slurries in 
model systems in order that their effects on quality might be studied follow- 
ing prolonged frozen storage. 


MATERIALS AND METHODS 


Perfected Freezer peas, grown on Experiment Station plots were harvested, processed, 
and stored at — 17.8° C. (6). Blanched peas were thawed, blended with water, and mixed 
with enzyme preparations obtained from raw peas as described earlier (14). The ratio of 
blanched peas to water in the resultant slurry was 2:1. Two series of samples were pre 
pared, one for taste panel evaluation, the other for chemical analysis. Samples of blanched 
pea slurry without added enzymes were included as controls in each series. A special lipase 
control consisting of pea catalase, pea lipoxidase, and pea peroxidase was prepared because 
it was impossible to separate these enzymes from the pea lipase by the procedures employed 
Enzyme activity of the samples was checked prior to storage, and again aiter frozet 
storage when the residual enzyme activity was determined. Samples were stored at 
— 17.8C. in cellophane bags inside waxed cartons 

Lipoxidase was prepared as follows: Lyophilized raw Perfected 
ground to 40 mesh, mixed with 9 times their weight of cold distilled wi 
hour on an ice bath, and centrifuged one-half hour at 17,000 x g. TI 
was decanted and dialyzed overnight against cold running tap water 
liquid was taken to 30% saturation at 4° C. with solid ammonium sult 
one hour, and centrifuged as before. The supernatant liquid was then taken 
saturation at 4° C. with ammonium sulfate, allowed | | 
before. The precipitate was worked up w 1 


nd centrifug 


distilled wat 
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dialyzed overnight against cold tap water. The dialyzed material was heated rapidly to 
62° C., held at 62° C. for 5 minutes, quickly cooled to 6° C. on an ice bath, and centrifuged 
as above. The supernatant liquid was shell-frozen in a dry ice-methyl cellosolve bath and 
lyophilized. Lipoxidase activity was measured at all stages of the purification proce 
by manometric assay (11,13). From 100 g. of lyophilized raw peas, 1.17 g. of lyopl 
of 117.5. This represented a 


lipoxidase preparation was obtained having a Qo.) o 
j d raw peas, and a recovery of 


increase in lipoxidase activity over that of lyophilize 
of the total activity originally present ir starting material. The pea lipoxidase prepara 
ion was added at the level of 0.60 g. of lyophilized powder to 100 g. of blanched pea slurry. 
\ one-grar 7 resultant mixture caused the uptake of 346 ul. 02 in 30 minutes 
in the manometric assay i 
Peroxidase was pre] 1 from lyophilized Perfected Freezer peas accord 

the method of Kenten and Mann (3 1 d hydrated by vacuum inf ’ 
tion with 7 times their weight of cold distilled water, blended for 2 minutes in a 


Waring blender and the aqueous portion expressed by squeezing through several layers of 


peas were re 


The crude extract was then treated in the cold with ethanol-ch 


4yy 
sure. 


cheeseclot 
ammonium sulfate, and dialyzed according to Kenten and Mann's proce 
protein was removed by rapidly heating the dialyzed preparation to 5° ( 
this temperature for 5 , and quickly lin an ice bath al 
centrifugation for one-half hour at 17,000 x g. The supernatant liquid thus o 
a purpurogailin number (P.N.) of 7.0, which represented a 30-fold enrich 
oxidase activity and a recovery of 37% of the total peroxidase ini 
rude press juice. When 29.4 ml. of pea peroxidase preps 
peas and water to make 100 g. of slurry, the resultant mixture 
oxidase activity of all fractions in the purificatior heme and of 
determined by the colorimetric method of Keilin and Hartree (2 
Lipase and catalase were prepared from lyophilized raw ° 
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Changes in color brought about by the action of added pea enzymes were 
readily detected by the taste panel, and also evidenced by losses of chloro- 
phyll measured spectrophotometrically. The greatest amount of chlorophyll 
destruction, 27.5%, was observed in the lipoxidase-treated sample. 

Deterioration of lipids was evidenced by increases in titratable acidity 
and presence of organic peroxides in the ether extracts of lyophilized samples. 
Increases in acid numbers were quite meager when compared with the very 
large acid numbers caused by the addition of pancreatic lipase in the earlier 
experiments with commercial enzymes (14). Catalase-treated blanched peas 
showed an increase in acid number, as did the lipase-treated peas. Peroxide 
numbers were of the same general order of magnitude as had been obtained 
with the commercial enzymes (14). Positive peroxide numbers were obtained 
by treatment with all four pea enzymes, the lower values from samples 
treated with peroxidase and catalase, and higher values from samples treated 
with lipoxidase and lipase. It must be remembered that the lipase used was 
contaminated with lipoxidase. 

Analyses of samples for residual enzyme activity following 18 months 
of frozen storage indicated that three of the enzymes, lipoxidase, catalase, 
and peroxidase, had maintained nearly full activity throughout the storage 
period. The lipase-treated sample contained less than one-half of its original 
lipase activity prior to storage. 

Off-flavors produced in this study were generally similar to those occur- 
ring during the frozen storage of raw peas (6). All samples containing added 
enzymes were tasted prior to freezing. The enzyme preparation, per se, con- 
tributed nothing to the taste of the final products. 

The color change brought about by lipoxidase action through conversion 
of chlorophyll to colorless products (14) was again demonstrable when lipox- 
idase-containing samples were mixed with linoleic acid during determination 
of residual lipoxidase activity. The pea tissue fragments of such samples 
showed a marked degree of bleaching when compared with blanched pea 
control samples. 

The enzymatic purity of the various pea enzymes used in this study was 
ascertained. Pea lipoxidase was found to contain no lipase or catalase activity 
The lipase preparation, on the other hand, was found to be a mixture of all 
4 enzymes, possessing strong lipoxidase and catalase activity. The heat treat 
ment step employed in preparing pea lipoxidase was found to cause nearly 
complete inactivation of pea lipase (16). The activity of pea lipase was found 
to be greatly diminished by such agents as ammonium sulfate and acetone 
(7). Inasmuch as the purification of the other 3 enzymes involved salt frac 
tionation with ammonium sulfate, and in addition the use of a chloroform- 


ethanol mixture in preparation of peroxidase, it is logical to assume that only 
negligible amounts of lipase activity would have remained in the purified 
preparations of pea lipoxidase, catalase and peroxidase. Analyses of the 


various samples for residual lipase activity after prolonged frozen storage 
bore this out. Samples treated with the other 3 enzymes were found to be 
devoid of lipase activity, with the exception of the special lipase control sam 
ple which contained a mixture of lipoxidase, peroxidase, and catalase. Per- 
oxidase activity following 18 months of frozen storage was present in all 
of the enzyme-treated samples and to a small extent in the blanched pea con 
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trol. Regeneration of peroxidase is not uncommon in vegetables held in 
frozen storage (14). 

Of the 4 enzymes used, only pea lipase suffered any appreciable loss of 
activity during frozen storage, amounting to 52%. It was impossible to de- 
termine when this deterioration of lipase had occurred, but the fact that very 
little increase in acid number was observed in lipase-treated samples may be 
best explained by the lack of extensive lipase action during storage. In con 
trast the pancreatic lipase used in the previous study (14) retained 96% of 
its original activity during 17 months of frozen storage and produced very 
large increases in titratable acidity. 

The finding of positive peroxide numbers, substantial losses of chloro 
phyll, and lowered flavor scores in lipoxidase-treated pea samples was taken 
as further substantiation of the role played by lopoxidase in production of 
off-flavors and other deteriorative quality changes during frozen storage 
(10, 13, 14). 

The role of lipase is more difficult to assess, primarily because of the 
relative enzymatic impurity of the pea lipase preparation. Whereas the 


lipase-treated samples did show a moderate increase in acid number, the cata! 


ase-treated sample showed nearly as great an increase. Furthermore, as men 
tioned, the pea lipase preparation was a fairly good source of peroxidase and 
a good source of lipoxidase and catalase, both before and after frozen storage. 

Treatment of blanched pea slurry with pea lipase must therefore be con- 
sidered as the addition of a mixture of enzymes, the effect of which was to 
produce disagreeable off-flavors in the product after 18 months of storage at 
— 17.8° C. The same was true of the special lipase control sample which was 
found to possess activity of all 4 enzymes after storage, and which also was 
given a low flavor score by the taste panel. 

The action of pea catalase in producing off-flavor when added to blanched 
peas was certainly much more profound than the corresponding action of 
liver catalase had been in the previous study (14). The sample containing 
added pea catalase preparation possessed the most disagreeable off-flavors of 
any samples in this present study. Furthermore, this catalase preparation also 
resulted in increased acid number and peroxide number in the ether extracted 
lipids, following frozen storage. The catalase-treated sample was found to 
be devoid of any residual lipoxidase or lipase activity and to contain only a 
small amount of residual peroxidase activity after 18 months’ frozen storage. 
Presence of organic peroxides may have been due to non-enzymatic catalysis 
(14) but the production of acid which also has been observed when blanched 
peas were treated with liver catalase, remains unexplained. 

In this connection, however, it might be well to consider the work of 
Keilen and Hartree (3). These authors noted the formation of aldehyde and 
acid from a system containing xanthine oxidase, alcohol, and catalase. It is 
within the realm of possibility that a system similar to this could be respon- 
sible for the formation of the acid in the slurries containing added pea catal- 
ase, 

These studies, in which both commercially available enzymes and p2a en 
zymes have been added to blanched pea slurry in model systems, have involved 
the 4 enzymes which have been thought to be associated with quality changes 
during frozen storage. The four are lipoxidase, lipase, catalase, and perox 
idase. Lowered flavor scores were obtained with all of these enzymes. The 
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greatest changes in flavor score were associated with the addition of soy- 
bean lipoxidase as far as the commercial enzymes used were concerned, an 
with preparations of lipoxidase, lipase, and catalase prepared from raw peas. 
In the latter the catalase prepared from raw peas produced the most offensiv 
off-flavor. The results of enzymic action have been demonstrated in chemic: 
anal for inet itratable acidity, development of 
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Naringin, the 7-rhamnosido-8-glucoside of 4',5,7-trihydroxyflavanone, 
the main bitter principle of grapefruit, was first discovered in 1857 by 
DeVry (3) in the flowers of grapefruit trees growing in Java. This glycoside 
is also found in the fruit, chiefiv in the albedo and segment membranes. It 
is apparently most abundant in immature fruit, the content decreasing as the 
fruit ripens. Juices and other grapefruit products high in naringin concentra- 
tion are excessively and disagreeably bitter. A practicable method of reducing 
such excessive bitterness is highly desirable. 

A number of different methods have been proposed for removing naringin 
from grapefruit products. Acid hydrolysis of the glycoside vields rhamnose, 
glucose and the non-bitter aglycone, naringenin, but such a procedure would 

f ical application. Also, under the proper conditions of 
] } ] 


be too drastic for pri 


pH and temperature, activated carbon will almost completely remove naringin 


from solution (7), but desirable flavor constituents are also removed and 
this method likewise not too feasible. The most suitable method would be 
the enzymatic hydrolysis of naringin. This method offers the advantages of 
mild conditions and a minimum number of required manipulations. 

Hall (5) reported in 1938 the isolation of an enzyme from celery seeds 
which hydrolyzed naringin in vitro, at pH 7 and 37° C., to naringenin and 
the intact disaccharide. He also reported the occurrence of a similar, or 
identical enzyme in the leaves of the tree, Citrus decumana, and in smaller 
amounts in the region between the flavedo and albedo of grapefruit. He found 
that neither rhamnodiastase (which catalyzes the hydrolysis of rutinose( 8-L- 
rhamnosido-D-glucose) from the pentahydroxyflavone glycoside, rutin) nor 
emulsin (a well known £-glucosidase) had any effect on the hydrolysis of 
naringin. Ting (8), in repeating the work of Hall, was able to obtain only 
very low yields of the enzyme from leaves of grapefruit trees. 

Ting (8) found, however, upon treating grapefruit juice with relatively 
high concentrations of Pectinol (a commercial pectic enzyme preparation of 
fungal origin) to facilitate filtering, that the total flavonoid glycoside content 
of the juice was greatly reduced, as determined by the reduction in intensity 
of the yellow color produced by the Davis alkaline-diethylene glycol reagent 


(2). Naringin in aqueous solution was also found to be completely hy- 


drolyzed at pH 4 by similar concentrations of Pectinol, yielding, as the only 
products, glucose, rhamnose, and naringenin, 

The observations of Ting with Pectinol were confirmed in this laboratory, 
and it was deemed worthwhile to investigate the possibility of producing more 
active “naringinases” and to study further the properties of such an enzyme 
or enzymes. Therefore, a program was undertaken to screen a large number 


* Presented at the Eighteenth Annual Meeting of the Institute of Food Technologists, 
Chicago, May 27, 1958. 
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of microorganisms for the capacity to produce enzymes capable of catalyzing 
the hydrolysis of naringin, and thus potentially able to debitter products con- 
taining this material. 

EXPERIMENTAL 


Preparation of enzymes. The crude enzymes employed in this study were prepared 
from cultures of a series of microorganisms. Growth media were inoculated from slant 
cultures and then incubated for various times. At the end of the growing period crude 
culture extracts were obtained and used without further purification for the preliminary 
evaluations of naringinase activity. 

When it was desired to isolate the enzymes to allow for more detailed study of prop- 
erties, partial purification was effected by treating the culture extracts with alcohol to 
yield precipitates, subsequently recovered by filtration and dried in air 

n cases where it was necessary or desirable to free the “naringinase” from associated 
pectic enzymes, either culture extracts, or aqueous solutions of alcohol precipitates were 
treated with urea, according to the method of Smythe and Neubeck (7) for the preparation 
of pectinase-free diastase. The naringinase activity could thereby be retained intact, while 
the pectic enzymes suffered essentially complete destruction. 

The emulsin used in a number of experiments was obtained from Nutritior 
chemicals Corporation, Cleveland, Ohio 

Determination of activity. Preliminary determinations of naringinase activity were 
made with a standard, aqueous substrate solution consisting of 0.05% recrystallize rin 
1.5% citric acid, and sufficient sodium hydroxide to bring the pH to 4.0. To 25: 
of this solution were added 0.2 ml. of culture extract, and the reaction mixture 
maintained at 50° C. during the course of the experiment. When desired, the initial 
strate concentration, enzyme concentration, buffer concentration, pH, or reaction temper- 
ature could readily be varied 

To measure the change in naringin concentration the Davis method vas used. 
This method is based on the intense yellow color, as determined spectrophotometrically at 
420 mu, produced by naringin upon reacting with alkaline diethylene glycol. Since the 
aglycone, naringenin, produces far less color, samples taken at intervals during the hydroly- 
sis of naringin to naringenin show a continuous decrease in color on reacting with the 
reagent. The extent of hydrolysis to naringenin can then be determined from a standard 
curve, prepared using known concentrations of glycoside and aglycone 

Units of naringinase activity were calculated on the basis of the time required to 
give 50% hydrolysis of the standard substrate solution at 50° C. by a given concentration 
of enzyme. 

Presence of pectic enzymes in the crude naringinase preparations was demonstrated 
by the reduction in viscosity of a pectin containing substrate solution at pH 4.5. 

Debittering of grapefruit juice. Various samples of fresh and canned grapefruit 
juice were treated under various conditions of temperature and enzyme concentration, and 
the reaction followed both by the Davis method and by taste tests 


RESULTS AND DISCUSSION 

About 100 cultures were screened for the production of “naringinase”, 
and a number of these yielded extracts with significant activity. One of these 
extracts in particular contained an especially high o:der of activity and was 
selected for further study. The crude culture extract was therefore treated 
with urea to destroy the pectic enzymes, and an alcohol precipitate then 
prepared. The activity of the dried enzyme preparation was about 30 times 
that of the original culture extract. This enzyme preparation will henceforth 
be referred to as Naringinase C 

In Figure 1 there is illustrated a typical Naringinase C hydrolysis of the 
standard substrate solution. It can be seen that the curve is linear up to 70% 
hydrolysis, and the rate then decreases steadily until the reaction is essentially 
complete. Such apparent linearity to over 50% hydrolysis has also been 
observed with a number of other crude enzyme preparations. 
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Figure 1. Hydrolysis of the standard substrate solution by Naringinase C. 


Partly on the basis of Ting’s (8) findings with Pectinol, a pH of 4.0 was 


selected for that of the standard substrate solution. However, as the pH 
imum often varies for the same enzyme activity from different sources, it 


opt 
was of importance to determine that of Naringinase C. The activity was thus 
determined over a fairly wide range of hydrogen ion concentration and at 
It can be seen from Figure 2 that the 


temperatures of 30° C. and 50°C 

optimum for Naringinase C at the higher temperature is near 4.0, while at 
the lower temperature it is apparently close to 4.5. However, in both cases 
the activity is fairly close to the maximum over the pH range of 3.5-5.0, and 
this enzyme preparation, therefore, should be highly active in grapefruit 
juices where the pH is not normally too far removed from 3.5. 

Although in the preliminary screening tests the crude culture extracts 
were always tested at 50° C., they were sometimes also tested at 30° C. In 
all cases the activity was considerably higher at 50° C., indicating good heat 
stability for naringinase activity at this relatively high temperature. In Figure 
e given the activities for Naringinase C over the temperature range of 
-70° C., and for a reaction time of 30 minutes. The actual maximum can- 


3 ar 
21.5 
not be determined with the limited an.ount of data available, but it is probably 
somewhere between 55° C. and 60° C. for reactions of short duration. At 


70° C. the activity was calculated on the basis of the initial reaction rate, but 
the value does not have too much significance as the reaction ceased after 
only 20% hydrolysis. At 60° C. the reaction went essentially to completion. 
Between 20° C. and 30° C. the initial reaction rate increased almost twofold, 
a Oyo not uncommon for enzymatic reactions. As the temperature was raised, 
however, the Oy» decreased significantly, presumably due to denaturation of 
the active protein, and between 50° C. and 60° C. it was only about 1.2. 
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Figure 2. Effect of pH on Naringinase C activity at 30° C. and 50° C. 
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Figure 3. Effect of temperature on Naringinase C activity. 
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Crude culture extracts of the organism used to produce Naringinase C, 
and which had a pH of 5-6, were possibly even more stable and could be 
heated at 60°C. for 4 hours with only 16% loss in activity. At 65° C., 
however, 83% of the activity was lost after 1 hour. Neither the culture 
extracts, stored at 5° C., nor Naringinase C, stored at room temperature, 
have shown any loss in activity over a year’s period of time. 

\lthough Naringinase C apparently had the requisite properties for the 
rapid hydrolysis of naringin at low enzyme concentrations, it was found that 
on treating grapefruit juice with this preparation, the Davis test indicated 
rates of hydrolysis of from only 10-30% of those obtained with equal con- 
centrations of naringin in aqueous solution. It was conceivable that these 
low rates were due to the naringin not being readily available for enzymatic 
hydrolysis in the juice. This possibility was eliminated, however, when it was 
found that purified naringin, added to juice previously clarified and treated 
with excess enzyme to remove essentially all of the original naringin, was 
still hydrolyzed at rates of the same low order of magnitude. 

Although Ting (8) found that the naringinase activity of Pectinol, a 
preparation of a different origin and with unlike enzymatic properties, was 
only very slightly inhibited by t 
to be present in grapefruit juice, it was nevertheless considered likely that 
this, or some other sugar might be responsible for the apparent low orders of 


activity given by Naringinase C in grapefruit juice. Therefore, a series 


he concentrations of glucose found by him 


ot 
sugars were added to the standard substrate solution at concentrations of 2% 
and the reaction rates redetermined. Although sucrose, fructose and other 
sugars were only slightly, if at all inhibitory, glucose decreased the reaction 


rate by over 60% 
higher concentrations, as can be seen by inspection of Figure 4. Thus, the 
concentrations of glucose likely to be present in grapefruit juices can ad 


by the 


+ 


at this concentration, and caused still further decreases at 


count for the low activity of Naringinase C, as determined 
Davis met od. 
Tel . +1 on 
Although the Davis method in 
> pe - + « . + 1; 9 , ahead 6F > aa . ethal ’ 7 4}, 
In yzrapetruit juice, 1t was discovered that the juice Was nevertheless rapidly 


debi red by Naringinase C, bitterness no longer being detectable even though 


equately ac 
1 
} 


licated low rates of hydrolysis of naringin 


1 


the extent of th 20% or ke 


e reaction was sometimes apparently only 
it was evice that there was a definite lack of correlation bet 
j juice al Davis test, and thi 
/), who was working with naringinase 
ind Haas Com] a that 


reaction of ot 


causing intert 
I also possible that I converst 
naringin to naringenin, the reaction measured by the Davis method, was 
not the precise reaction n the debittering of ‘ grapefruit juice 
\t about this same igh concentrations 
of emulsin neither catalyzed the hydrolysis of standard naringin solutions 
when present as the only enzyme, nor increased the rate of hydrolysis when 


added in conjunction with Naringu ase he it did, howe ver, reverse the glucose 
inhibition of Naringinase C. Since Nystrom, Williams and Wender (6) had 
B- 


h 
7 


shown that emulsin was able to catalyze the hydrolysis of naringenin 
glucoside (prunin), it was soon suspected that in the presence of inhibitory 
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Figure 4. Effect of glucose concentration on Naringinase C activity. 


concentrations of glucose this glucoside accumulated as an intermediate in 
the enzymatic hydrolysis of naringin to naringenin. 

To verify the possible accumulation of prunin in enzymatic hydrolyses 
carried out in the presence of glucose, the following experiment was carried 
out: To the standard substrate solution was added sufficient glucose to give 
a concentration of 5%, the temperature brought to 50° C. and Naringinase C 
then added. After 30,45 and 60 minutes aliquots were withdrawn and rapidly 
heated to 100° C. to destroy the enzyme. A duplicate reaction was carried 
out simultaneously, but withewt the added glucose. The Davis method was 
used to calculate the apparent degree of hydrolysis at each time interval, 
and these values are given in the middle two columns of Table 1. It can 
readily be seen that only slight hydrolysis in the presence of glucose was 
indicated, while extensive hydrolysis occurred when no sugar was added. 

Each of the aliquots from the reaction mixture containing glucose was 
then adjusted to pH 5 and an excess of emulsin added. The solutions were 
maintained at 35°C. until no further hydrolysis was indicated. In the last 
column of Table 1 are given the values for the total extent of hydrolysis, 
again as determined by the Davis method, for each of the emulsin treated 
aliquots. It is immediately evident that the total amount of hydrolysis in 
each of the aliquots after the emulsin treatment was now essentially the same 
as that when no sugar was added. 

From the above, and previous experiments, it can be concluded that 
Naringinase C contains at least two glycosidases. One, a rhamnosidase, is 
specific for the hydrolysis of the bond between rhamnose and glucose in 
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TABLE 1 


Evidence for accumulation of prunin in Naringinase C hydrolysis 
partially inhibited by glucose. 
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enzyme system under the stated conditions, the rhamnosidase activity is rate 
determining. Therefore, it should be possible to predict quite accurately the 


rate of debittering of grapefruit juice by Naringinase C with this prior 
knowledge of the rhamnosidase activity, as determined on isolated naringin. 


SUMMARY 
A large number of microorganisms were screened for the capability of 
producing enzymes able to hydrolyze the bitter glycoside, naringin. A num- 
ber of the organisms produced such enzymes, and one especially active culture 
yas selected for detailed study. 
A partially purified enzyme preparation, Naringinase C, was found to 
rapidly hydrolyze naringin in vitro in the pH range 3.5 to 5.0 and at tempera- 


tures of from 20-50°C. This preparation also rapidly debittered natural 


grapefruit juices. 

It has been concluded that only the partial hydrolysis of naringin is re 
quired for debittering, the removal of the rhamnose moiety to yield prunin 
(naringenin-7-B-glucoside) being sufficient. The Davis method, used in the 
past to measure the rate of hydrolysis of naringin, is not suitable for the 


direct measurement of debittering since it only measures the overall hydrolysis 
to the aglycone, naringenin, and in the presence of the glucose in grapefruit 
juice the enzymatic hydrolysis of prunin to yield naringenin is comparatively 
slow. 
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One problem in the experimental radiation of foods is the difficulty of 
obtaining an accurate estimation of the dose actually received. This is espe- 
cially true of electron beam radiation because of limited penetrating power 
“vy ] . . ant mitorn ] lisctributi Th It } > ] imeter / 2 
and consequent non-uniform dose distribution. 1¢ Fricke dosimeter (3), 
essentially a tube of ferrous sulfate solution, has proven to be a very satis- 
factory working standard for gamma radiation, but is too bulky for similar 


use with electron beams where thin | rs of food are to be treated 


In the studies to be described, tiny cobalt glass dosimeters were inserted 


in samples of a food product, prebaked pancakes. These were radiated by 
electrons at various dose and the respective increases in spectrophoto- 
metric absorption coefficient determined. Similar food-dosimeter combina 
tions were radiated at variou ose levels in a gamma source which had 
been accurately calibrate y ferrous dosimetry. Increase in absorption 
coefficient was p “ ‘rsus reported dose for each source in order to pro- 


re « xperiments 


MATERIALS AND METHODS 


Cobalt dosimeter glasses. These were purchased from Bausch and Lomb Optical Co 
and measured 6 mm x 15 mm x 1.5 mm. The exact thickness of each glass was deter 
mined with a micrometer caliper, and its optical density was read at 450 and 500 mu in a 


} 


4 holder 


Bausch and Lomb Spectronic 20 colorimeter using a special dosimeter 
Pancakes. These were prepared by a commercial formula, with a dosimeter glass 
placed in the center of each. They were then heat-sealed in individual transparent envelopes 
The film used consisted of an extrusion of polyethylene on Mylar. Those intended for 
electron radiation were left in this form; those intended for gamma radiation were further 
sealed in No. 2 cans, one envelope to a can. Preparation and packaging took place 2 or 
3 days before radiation, the packaged products being kept frozen during the intervening 
period 
tiation. Radiation at 6 dose levels ranging from 0.465 to 3.72 x 106 rads was re- 
at the General Electric Company 2 Mev resonant transformer facility in Mil- 
waukee. Two samples were radiated at each level. A specific gravity of 0.6 and total thick- 
ness of 0.5 inches were used in calculating the exposure needed for the dose requested 
Radiition at the same 6 dose levels was requested at the Argonne National Laboratory 
gamma facility, which uses spent fuel-rods and ferrous dosimetry (4) 

Determination of absorption coefficient. Optical densities of the exposed glasses 
were read at 450 and 500 mu in the colorimeter 3 to 4 hours after radiation. The increase 
in absorption coefficient due to radiation was calcuiated for each glass and plotted versus 
reported dose on logarithmic co-ordinate paper as described by Kreidl and Blair (1, 2) 


Since electron beam dosage was reported at the food surface, these date were recalculated 


* This paper reports research undertaken in cooperation with the Quartermaster Food 
and Container Institute for the Armed Forces, QM Research and Engineering Command, 
U. S. Army, and has been assigned number 887 in the series of papers approved for 
publication. 
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cago, Illinois, May 26, 1958 
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to show the average dose to each dosimeter using the curve of intensity versus penetration 
in Figure 1, which was drawn from data furnished by General Electric Company. In this 
figure, beam intensity is plotted for various depths of penetration in a material of unit 
specific gravity. It is thus possible to determine intensity at any given depth by laying off 
the appropriate intercept along the horizontal axis. For materials of other than unit spe- 
cific gravity, the equivalent intercept is calculated by multiplying the actual depth of ma- 
terial by its specific gravity. In laying off the intercepts shown, the following assumptions 
were made: Specific gravity of pancake crumb 0.6, specific gravity of cobalt glass 2.5, 
depth of pancake crumb above and below glass 0.25 inches, and depth of glass 1.5 mm 
Entrance and exit doses to the glass thus appear as 91% and 18%, respectively, of 
reported dose to the pancake surface. Since the curve is practically linear in this area 
average dose to the glass was taken as the mean of these two values or 54.5% 
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Figure 1. Relationship of beam intensity to depth of penetration in unit specific 
gravity material at General Electric Co. 2 million-electron-volt resonant transformer 
facility. 

RESULTS 
vo 1 


Thickness of the dosimeters showed little variation from glass to glass and averaged 
1.506 mm. Optical density before radiation also showed little variation and averaged 0.243 
at 450myu and 0.611 at 500 mu. Absorption coefficients for zero radiation were thus 3.71 
and 9.33, respectively. 

Increase in absorption coefficient at 450mu and at 500myu are plotted versus reported 
dose in Figures 2 and 3, respectively, for both sources, the solid line for the electron 
source in each case representing reported dose at the food surface and the broken line 
representing the average dose to the cobalt glass calculated as described earlier. Th 
6 reported dose levels are not identical for the two sources as was originally requested. 
An error in calculating exposure to the electron beam was discovered and reported several 
days after the irradiations had been completed, and electron dosages were corrected by 


multiplying each by a factor of 1.38 
DISCUSSION 
It will be noted th a reasonably linear relationship exists between dose 
and change in absorption coefficient in the range of 1 to 4 megarads, and 
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that the slope is the same for both sources. Reported dose of electrons ap- 
pears to be about double that of gamma rays for the same increase in ab- 
sorption coefficient. While the electron dose is still higher than the gamma 
dose after correction for loss of intensity upon penetration, the difference 
is reduced from 110% to 13%, thus approaching the range of error involved 
in the method itself as used here. 

The use of glass dosimeters in representative samples would appear to 
provide one convenient and practical means of obtaining an approximate 
indication of dose received. In practice it might be necessary to run a work- 
ing calibration curve for each product similar to those represented by the 
solid lines in Figures 2 and 3, in order to check the validity of the assump- 


tions involved in calculating average dose. 
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Figure 2. Effect of variation in dosage upon the absorption coefficient of cobalt 
glass at 450 mu. 


It should be pointed out that the scope of this study was restricted to 
the practical use of glass dosimeters placed in samples of food as a means 
of checking dose received. It was assumed that equal absorption coefficients 
from the two types of radiation meant equal dose to the glass, and further 
that the gamma doses had been correctly determined by ferrous dosimetry 


SUMMARY 


Prebaked pancakes containing cobalt glass dosimeters were radiated at 
various dose levels by gamma rays from an accurately calibrated spent fuel 
rod source and by electrons from a resonant transformer. Standard curves 
were prepared by plotting on logarithmic paper the change in absorption 
coefficient at 450 my versus reported dose. On this basis each type of radi- 
ation showed a linear dose-absorption relationship in the 1-4 megarad range. 
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Figure 3. Effect of variation in dosage upon the absorption coefficient of cobalt 
glass at 500 mz. 


Correction of the electron curve for beam attenuation in the dosimeter glass 
brought it into virtual agreement with the gamma ray curve. 
s : i 
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Subjecting foods to ionizing radiations has been accepted (2,5,8) as an 
effective means of destroying microorganisms and thereby effecting preser- 
vation. The importance of the microbiological aspects (3) 1s paramount, but 
the radiated product must also be acceptable and nutritionally adequate. It 
must be acceptable not only after radiation but also after a period of storage 
(5). Since the storage temperatures in military supply lines may vary, the 
products must not be adversely affected by extremes in temperature. It is 
curious but true, however, that during storage an improvement in the flavor 


, 
of certain foods has been noted ile in others, the flavor and acceptability 


have been lowered. 
¢ problem relates to the enzymes. It has been reported 


Another facet of th 
(2,5) that the inactivation of enzymes by radiation requires the application 
of considerably greater dosages than does the inactivation of spore-forming 
bacteria. In view of this, and the fact that increasing levels of radiation result 
in decreasing acceptability of the products (9), it would appear that the in- 
activation of the enzymes in certain foods must be accomplished by means 
other than radiation alone 

The present work was initiated to determine the effects of storage on the 
flavor and acceptability of fresh and precooked radiated meats. In the 
former, the enzymatic systems would presumably be operative and in the 
latter, they would be inactivated. Certain changes in the protein complex of 
the meat was also determined in order to clarify the situation in respect to 


the enzymic stability of the meat during the storage period. 


EXPERIMENTAL 


f 
from U. S. Good carcasses, aged 7 days. Pork shoulder roasts were cut from fresh 
carcasses. Beef steaks and pork ch ps used were cut from the respective carcasses as 
acon was a commercially available “thick-slice’” of normal com- 


Fresh beef chuck roasts which were radiated without further treatment were obtained 


indicated above. The | \ 
mercial cure, purchased directly from the processing plant 

Meats which were precooked before radiation were obtained from a commercial meat 
packer in Ogden, Utah. Beef roasts and steaks were obtained from U. S. Prime carcasses, 
aged 7 days. Beef roasts were boned, rolled, and tied prime ribs; the steaks, New York 
cuts. Pork roasts were boned, rolled, and tied fresh pork legs. Pork roasts and chops 
were obtained frosn tresh carcasses 

The meats which were not precooked were placed in No. 10 plain tin cans, then sealed 
and frozen at —20° F. No attempt was made to exclude air. The cans of meat were 
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shipped, with dry ice, to the Materials Testing Reactor, Arco, Idaho and exposed to the 
gamma grid for times sufficient to accumulate 1.9 and 2.8 megarad. Suitable controls 
which were not radiated were similarly shipped to the MTR. Return shipment was with 
dry ice and upon receipt, the control samples were placed at 0° F. and the irradiated samples 
at 72° F. 

The meats to be precooked were shipped at 36° F. to 34° F. storage rooms at the 
Dugway Proving Ground, Utah. Arrangements were made to utilize Army field ranges 
for precooking prior to radiation at the Radiation Laboratory, Dugway Proving Grounds. 

Beef steaks and beef roasts were precooked to an internal temperature of 160° and 180 
F. as indicated by thermocouples. Steaks were fried on the grills on top of the Army field 
ranges and the ribs roasted in an oven at 350° F. in uncovered pans. The steaks required 20 
and 25 minutes and the beef roasts 3 and 3% hours to reach an internal temperature of 160 
and 180° F. respectively. 

Pork roasts and chops were heated to 170° and 190° F. internal temperature. The 
manner of cooking was as indicated for the beef. Chops required 15 and 20 minutes and 
pork roasts 3! and 4 hours to reach an internal temperature of 170° and 190° F. respec- 
tively. As soon as the products had attained the desired temperature, they were immediately 
placed in No. 10 “C” enamel cans, flushed with nitrogen, sealed, placed in insulated carrying 
containers, and transported to the Radiation Laboratory where they were placed in the 
radiation facility. Approximately 8 minutes elapsed between removal of the products from 
the ranges and placement of the cans in the radiation facility. 

Gamma dosages applied were 1.9 and 28 megarad. The radiation facility was brought 
to the same temperatures to which the various meats had been precooked, i. e. 160° to 
190° F., depending upon the product and temperature variable 

Precooked, non-radiated control samples were cooled at 34° F. prior to placement in 
cans; then they were flushed with nitrogen, sealed, and frozen at 0° F. Control samples 
were returned to our Corvallis laboratory under dry ice whereas the radiated samples were 
not refrigerated during transit. Upon receipt of these samples, the frozen controls were 
placed at 0° F. and the radiated samples at 72° F. 

Methods of cooking for flavor evaluation. Beef roasts which had not been preheated 
were cooked in an oven to 180° F. internal temperature as indicated by thermocouples 
Pork roasts were cooked to an internal temperature of 185° F. Steaks and bacon were 
broiled and the chops braised. Salt and pepper were available for judges’ use prior to 
scoring. 

Precooked beef and pork roasts were first sliced; then these, as well as the steaks and 
chops, were preheated to 140° F. in flowing steam. A gravy made from beef or pork stock, 
flour, seasonings and water, preheated to 190° F. was poured over the 4 ] ] 
to drain, and the meat and adhering gravy presented to the judges. The gravy 
kept standard throughout the test. The gravy was added primarily for 
ing the precooked and reheated meats 

Flavor evaluation design. For the products which had not been precooked, the 
hedonic 9-point ballot was used (6). Products evaluated at like extremely were marked 


The hedonic ballot was mod 


yroducts, all 


as 9; those evaluated as dislike extremely were scored as 1 
ified for the meats which had been precooked prior to radiatior 
of designating the mid-point of the scale as the reference. Thus, the 
samples against a reference sample and recorded their judgments on the modified like 
ballot. The reference sample, included in the array of 7 samples presented to the 
was non-radiated beef or pork precooked to 180° or 190° F., respectively 

The judges were students at Oregon State College. These students had no previous 
experience with radiated products. Products were served to the judges in cups coded with 
3-digit random numbers. In the case of the ballot in which a reference was used, 7 cups 
were presented to the taster; one marked “R” (reference) and 6 coded cups representing 
the 6 treatments. 

Subsequent to scoring, the ballots were decoded, scores assigned and analyzed 


The modification consisted 


tasters scored the 


by 
analysis of variance. 

Moisture analysis. Portions of the lean portion of the meat were dried at 158° F 
under a 28-inch vacuum to a constant weight. The loss in weight was calculated as % 
moisture. 

Total nitrogen. Total nitrogen, on a moisture-free basis, was determined by the Kjel 
dahl method (3) based on the digestion of the protein with concentrated HeaSO, to which 
a catalyst consisting of 10 g. KeSO4 and 0.3 g. CuSO, had been added. The NHg was 
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distilled into 4% HsBOs containing a mixed indicator and titrated with 0.20 N HeSO,4 
The indicator used was that developed by Ma and Zuazaga (4) 

Amino nitrogen. Ten grams of the lean portion of the meat was blended in 100 ml. of 
water and after filtering, a properly diluted aliquot was analyzed for amino nitrogen by the 
method of Peters and Van Slyke (7) and calculated on a moisture-free basis. 


RESULTS AND DISCUSSION 


Radiated fresh meats. Mean flavor scores of the beef roasts, pork 
roasts, beef steaks, pork chops and bacon, prior to storage are shown in 
Table 1. Flavor panels consisted of 100 to 130 students. 


TABLE 1 


Mean flavor score of non-radiated and radiated beef steak and roasts, pork chops and 
roasts, and bacon (Prior to storage) 


L.3.0 


It may be seen from the data (Table 1) that the non-radiated meats were 
scored significantly higher than the meats radiated at the 2.8 megarad level. 
Tasters were able to differentiate ‘en the non-radiated and 1.9 megarad 
levels in beef steak, pork roasts and chops and in bacon. Significant differ 
ences in flavor between the ls were shown in beef and pork 
roasts and in pork chops. 

In this laboratory we have used a score of 6.0 (hedonic) as the arbitrary 


“acceptance” level. In v1 f this, and considering the data in Table 1, all 
products at the 1.9 megarad le an be considered as acceptable and at the 
i i 

¢ ] 


2.8 megarad level, beef steal bacon can be con- 


sidered acc eptable 


lf one calculates the per cer | scores above 6.0 as the “per cent accep 
tance” it is found that, as would be expected, an increase in radiation dosage 
causes a decrease in the ‘ ‘nt acceptance”. The decrease is greater in 


some products than in others. The least difference was recorded with beet 


roasts and pork chops he 1.9 megarad level. This decrease 


+ 
? 


was on the order of 7 t 


TABLE 2 
Per cent judges scoring non-radiated and radiated meats at 6 or above 
‘(Hedonic ballot) 


Treatment 


Non-radiated 
1.9 megarad 


2.8 megarad 


The cans of radiated mea ‘re placed in storage at 72° F. began 
to swell within 2 weeks. They did not but uring the storage period. Pre 


vious bacteriological analysis on TGY agar had disclosed no viable bacteria 
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present except in pork roasts where 20 and 3 organisms per gram were ob- 
served in the 1.9 and 2.8 megarad levels respectively. The one exception 
to the swelling of the cans was with bacon. The cans of radiated bacon 
showed no evidence of spoilage after 2 years at 72° F. 

After 9 months in storage, representative cans of these products were 
opened. No viable organisms could be demonstrated. Fluid loss from the 
meats was experienced in all products except bacon. This loss ranged from 
1 to 10% in the non-radiated, frozen, and thawed samples, to 10 to 25% in 
the radiated samples stored at 72° F. No difference in fluid loss between the 
radiation levels could be demonstrated. 

All products except bacon had small crystalline deposits of a yellowish- 
white color at the surface of the meat whether submerged in the liquid ex- 
tracts or above its surface. These were removed and gave a positive Millon 
and Ninhydrin reaction. They were insoluble in water but soluble in dilute 
HCl. When chromatogramed, the spots were typically those of tyrosine. 
Drake, Giffee, Ryer, and Harriman (/) reported ‘the presence of small crys 
talline deposits of tyrosine in radiated beef which had been stored 3 months 
at 100° F. 

Ratios between total nitrogen and amino nitrogen of the lean portion of 
the meat are shown in Table 3. A slight change occurred as the result of 
the radiation treatment but a major change occurred during the storage 
period. This substantiates the indicated breakdown of the protein which had 
not been precooked prior to radiation. 

The radiated bacon was the only product considered by preliminary exam 
ination to be edible after 9 months’ storage. Accordingly, the stored bacon 
was submitted to flavor evaluation panels in the manner previously reported. 
The non-radiated frozen control was compared to the radiated and stored 
samples. Results are presentéd in Table 4 

There were significant changes in the relative scoring of these samples 
after the storage period. The judges were able to differentiate between the 
1.9 and 2.8 megarad levels but not between the non-radiated control and the 


TABLE 3 
Ratio of total nitrogen/amino nitrogen in lean portions of radiated meats 
stored 9 months (Moisture-free basis) 


Beef Steak Beef Roast 


Treatment 


Non-radiated 430 396 
1.9, frozen 583 388 
1.9, stored > 67 107 
2.8, frozen ; 328 294 
2.8, stored 65 96 


TABLE 4 


Mean flavor scores of radiated and non-radiated bacon 
before and after 9 months’ storage at 72° F. and 0° F., respectively 


Before Storage After Storage 


Non-radiated 6.97 6.52 


1.9 megarad 6.15 6.52 
2.8 megarad 6.43 6.08 
L.S.D. (.05) 0.39 (0.36) 
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1.9 megarad level. The percentage scores after 9 months at 6 or above on 
the hedonic ballot were 77, 77, 67 for the non-radiated, 1.9 and 2.8 megarad 
samples, respectively. 

Meats radiated after precooking. Peef steaks and roasts and pork chops 
and roasts were evaluated for flavor immediately after radiation and at peri- 
ods of 80 and 250 days after radiation. The radiated samples were stored at 
72° F. while the non-radiated samples were kept at 0° F. These results are 
presented in Tables 5, 6, 7, 8. 


TABLE 5 


Mean flavor scores ! of precooked and radiated beef steak 
after 80 and 250 days storage at 72° F. 


| Initial Evaluation After 80 days } After 250 days 


Non-radiated 5.16 4.89 
1.9 megarad 5.10 4.66 
2.8 megarad 464 4.27 
L.S.D. (.05) 0.31 0.27 
No. of tasters 125 138 

1 Non-radiated reference sample pegged at 5 

2 Stored at 0° F 

TABLE 6 


Mean flavor scores ! of precooked and radiated beef roasts 
after 80 and 250 days storage at 72° F. 


Initial Evaluation After 
- . e o -" 
Non-radiated * 5.00 
1.9 megarad 


4.57 
2.8 megarad 471 
L.S.D. (.05) 23 
No. of tasters 116 


1 Non-radi 
2 Stored at 
TABLE 7 


Mean flavor scores ' of precooked and radiated pork chops 
after 80 and 250 days storage at 72° F. 


Init aluation After 


Non-radiated * 
1.9 megarad 
2.8 megarad 
L.S.D. ¢.05) 
No. of tasters 

1 Non-radiated 
2 Stored at 0° 


reterence sample 


TABLE 8 


Mean flavor scores ! of precooked and radiated pork roasts 
after 80 and 250 days storage at 72° F. 


Initial Evaluatior After 8 


Non-radiated * 481 
1.9 megarad 4.38 
2.8 megarad 4.23 
L.S.D. (.05) 0.27 
No. of tasters 121 
1 Non-radiated reference sample pegged at 5.0 
2 Stored at 0° F 
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The response of the judges to the flavor of the beef steak at the initial 
period of evaluation disclosed a significant difference in the flavor of the 
meat which had been precooked and radiated at the 2.8 megarad level. The 
judges were unable to differentiate between the non-radiated and 1.9 megarad 
levels. This situation also prevailed at the 80 and 250-day storage period. 

Precooked and non-radiated beef roasts were evaluated as being signi- 
ficantly better than the radiated meat at the initial period but after 250 days 
storage the judges were unable to differentiate between the samples. The 
judges were unable to distinguish between the pork roasts at the initial and 
250-day period of evaluation. There was a slight increase in score during 
the storage period. 

Precooked radiated pork chops reacted somewhat differently. The judges 
scored the control and the 1.9 megarad samples as not being different at 
the initial and 80-day periods of evaluation. At the 250-day interval they 
scored the radiated samples as being signifiantly poorer than the non-radiated 
control. It is to be noted that at this period, 0.86 units separated the control 
and 2.8 megarad samples. 

The maximum difference between the control and the 2.8 megarad sam- 
ples occurred in the case of pork chops when evaluated at the 80-day period. 
This was the only instance wherein the variation between the scores amounted 
to approximately 2 units. Variation in the scoring of the other products at 
any period was usually less than 1 unit. 

It is to be emphasized that the precgoked and radiated products were 
scored against a reference which was “pegged” at 5 on the modified hedonic 
scale. This did not allow the judges to exercise “free choice” in their evalu 
ations. However, if the judges are allowed “free choice” in the 
of the evaluation, the score will be approximately 1 to 2 units higher. 
example, the precooked pork roasts were presented to a panel at the 80-day 
storage interval. The panel was asked to score the control and the 2 radiated 
}- 
le 


samples on an unrestricted hedonic ballot. The mean flavor scores of these 


samples ranged between 6.3 for the control and 5.4 for the 2.8 megarad level 
samples. When scored on the restricted “reference” ballot the scores were 
4.8 and 4.2, respectively. 

In only 3 of the 12 periods of evaluation reported were t 
of the temperature of precooking employed prior to radiation. These occur- 
red with beef roast at the 80-day storage period wherein the meat cooked to 
160° F. was considered better than that precooked to 180° F.; with beef steak, 
at the initial period, wherein the meat precooked to 180° F. was scored higher 
than that cooked to 16° F., and in pork roast wherein the meat cooked to 
190° F. was scored higher than that precooked to 170° F. at the 80-day inter 
val. The magnitude of ditference on the reference ballot between the tem 
peratures of precooking was 0.4 units. In no other instance could an effect 
be demonstrated of the temperatures to which the products were precooked. 


here any effects 


All of the precooked meats were firm and there was no evidence of hy- 
drolysis as exhibited by free liquid in the cans, as demonstrated by develop 
ment of tyrosine crystals, or by changes in the amino nitrogen content of the 
meat. The amino nitrogen content of the samples, as mg. per g., dry weight 
basis, varied for each of the products, storage interval and radiation dosage 


employed. The ranges were 0.8 to 2.1 mg/g. There were no consistent 
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trends as a result of either the storage temperature, radiation dosage, or 
duration of storage. 

The precooked, radiated beef and pork developed a reddish color. This 
pigment has been characterized as denatured globin hemochrome by Tappel 
(10). The reddish color permeated the entire lean portion of the meat but 
when the meat was sliced and exposed to air, the color soon reverted to a 

: t 
brownish color no different than the color of the non-radiated precooked 
meat. It did not detract from the appearance of the meat as served to 
the judges. 


SUMMARY AND CONCLUSIONS 


Fresh and precooked beef and pork roasts, steaks, cl 


1»? } 


nd fresh bacon 


a 
re radia at levels of 1.9 and 2.8 megarad and stored at 72° F. for peri 


cu 
250 day Flavor evaluations were made immediately after radi- 


t the & : 


a and 250-day periods. 


In radiated fresh meats, extensive degradative changes occurred 
orage period. Excessive fluid loss, the development of tyrosine crystals, 
} 


the general breakdown of the protein resulted in meat, though bacteri 


i 
ally sterile, which was unfit for consumption and no longer ac eptable. 
- S| 
nercial 


? }- 
j 


and radiated 
and pork roasts, steaks and choy uring storage ¢ *, for 250 d 


, i 
No evidence of protein 


} 
} ‘ 


: 19 
were considered acceptabie 


Bacon which had received no treatment other than the normal comr 
‘and smoke retained it bility during 9 months’ storage at 7 


7. 


avs. 


} 


On the basis of this experiment, beet t and pork cooked 


idiation anges during 


panels. 


in the pr 
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12, 1958) 


Jones (11) recently showed that the muscle tissues of cod contain anser- 
an enzyme which hydrolyzes the dipeptide anserine to its constituent 
acids, Il-methylhistidine and 8-alanine; and that the enzyme continues 

rile cod flesh during storage. Since such a reaction offers promise 
nethods for following fish handling practices independent of 
+7 


Nid} 


e, it was interest to us to determine whether anser- 


dicated that the various 


unexpect 
this pape 


than 


ot the wet 


as then undertaken 1 rder to obtain more mplete information 
the distribution of ine an ‘lated imidazole com- 


ield l 


Was available on 
an 


pounds in the muscles of aquat 


\ 


Yudaev’s observations I 
in 1951. Subsequent information has been limited to the semi-quantitative 


observations provided by Shewan et al. (19), and Shewan (20, 21 
gant ion-exchange method developed by Davey (4) for determin 
ing carnosine, anserine, histidine and methylhistidine made possible analyses 


which had previously been time-consuming and of doubtful accuracy. 


EXPERIMENTAL 


sample of king sal: 

immediately after the fish were caught he leopard shark was a 

‘ hours of catch. Fresh whale meat was obtained from the Del Monte 

Company. Numerous other samples were obtained from local fish markets 
Preparation of extracts. Five grams of muscle were extract 

picric acid in a Waring blender lescribed by Hamilton 

(suction) and with the washings w reed of picric acid by passu 

column as described by Tallan et al. (2 rhe effluent was evaporated t tall vol 

a rotary evaporator, diluted quantitativel 5 to 25 ml., and either ana 1 immediately 

or held in the frozen state until led clear after 

he step of concentration wert to final 

volume. An extract obtained imidazole 

compounds quantitatively (Tal 
Analytical methods. 

except that the column 

tion (Dowex 50-X4 


ml. fractions were obtain 


* Presented at € 


FO, lhi vis, Mas 
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peaks for histidine, methylhistidine, carnosine and anserine were usually at 50, 56, 80 and 
90 ml., respectively. Amino acid and peptide concentrations were determined as described 
by Yemm and Cocking (29) with the following modification suggested by Davey (personal 
communication). To each 1 ml. of sample add 1 ml. of a 75% methyl cellosolve aqueous 
solution approximately 0.0002 molar with respect to KCN and 1.15 molar with respect to 
pH 4.5-5.0 acetate buffer, and 0.2 ml. of a 10% solution of ninhydrin in methyl cellosolve. 
Heat at 100° for 20 min., cool, dilute with an appropriate amount of 50:50 aqueous alco- 
hol and read optical density at 570 mu. 

Several different techniques were used to identify with certainty the nature of 
the amino acids and peptides in the extracts. The positions of the elution peaks were 
determined both by chromatography of known substances alone and in mixtures, and 
after addition to extracts. pLt-Anserine was obtained from General Biochemicals, Inc 
L-carnosine and L-methylhistidine were products of California Foundation for Biochem- 
ical Research. Histidine and carnosine were determined quantitatively by the Pauly di- 
azotized sulfanilic acid reaction as well as with ninhydrin. The reagent used was that 
described by Fraenkel-Conrat and Singer (5). Methylhistidine and anserine give m 
color. The total optical density obtained with this reagent on the unfractionated extract 
was in good agreement with the total found for the histidine plus carnosine in the frac- 
tions. Histidine decarboxylase (Worthington) was used as recommended by Gale (6) 


Arginine was estimated in an aliquot of the protein-free extract by the method of Ceriotti 


and Spandrio (3). Nitrogen was determined by micro-kjeldahl 


RESULTS 


In a series of control experiments, the 4 imidazole compounds were added either 
alone or in mixtures to the column in amounts ranging from 0.3 to 1 « mole for each 
The average recovery was 96% with a range of 78 to 114%. Some data showing the 
results of duplicate experiments with tissue extracts are shown in Table 1. They indi- 
cate that any single determination could be in error by as much as 50%, particularly 
ly h 


1 


when only small amounts of the constituents are present. Qualitatively however the 


TABLE 1 
Duplicate Determinations of Imidazole Compounds in Fish Muscle ! 


Histidine ; L-Methylhistidine Carnosine 
Menhaden 
King Salmon I 
King Salmon II 
Humpback Whalk 
Skipjack 
Albacore 
Carp 


Yellow Perch 


14 Moles per gram wet tiss 
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duplicates are in agreement and the method considered adequate for the survey 
Methylhistidine was estimated with difficulty the presence of large amounts of histi- 
dine. The two emerged from the column l together that a large histidine band 
tended to obscure a small methylhi 
adequacy of the me were present in 
obtained with nin 
} lecarboxylase gave 
good agreement with the ninhydri " ib] ible 2 also records a 
+. + hie 


hict 


on showing the agreen 
extract by the Paul 
tion from the column, 


1 
by picric acid ex 


TABLE 2 
Comparison of Methods for Determining Histidine and Carnosine ! 


Hist 


his. Onl he true « 


i methylhistidine from 


important immid 


but diff 


DISCUSSION 


ittention to the considerable variations 


Zapp and Wilson (37) have called 
of carnosine and an ite 
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same species. They also noted that a muscle in general contains more of 
one imidazole than the other, the same one being in excess for all skeletal 
muscles of a given species. 

In general, our data are in agreement with these conclusions. There was 
more anserine than carnosine in the marine fish, but in the fresh-water fish, 
the whales, and the invertebrates examined, except the oyster, carnosine was 
present in higher concentrations. Carnosine was also present in higher con 
skipjack (skipjack 3, 


centration than anserine in a single specimen of 
Table 3). 

The variable content of carnosine and anserine in the same muscle of 
different individuals of the same specie can possibly be accounted for on the 
basis of differences in diet, exercise, stage of maturity, or, less likely, to 
pathological conditions, i.e., muscle disease, and perhaps to chemical indi- 
viduality. Thus, Hunter (9,70) observed that the carnosine content of the 
gastrocnemius muscle of cat could be decreased by fasting the animal or by 
preventing use of the muscle and could be increased by liberal feeding of 
meat. Koldaev (14) obtained similar evidence. The diet effects were prob 
ably due to a deficiency or surplus in dietary histidine. Histidine and carno- 
sine contents were markedly lowered, but the anserine level was unchanged 
in Chinook salmon fingerlings which were grown on a histidine-deficient 
diet. » 

Severin and Yudaev (16) followed the changes in carnosine and anserine 
contents of skeletal muscle of rabbits with age. Carnosine first appeared on 
the 24th day (23 me% )} of the embryonic development, increased in young 
rabbits to a maximum of about 190 mg%, and then declined to about 70 mg% 
in adult rabbits. Anserine first appeared on the 7th day and gradually in- 
creased to about 450 mg% in adult rabbits. Young rooks contained consider- 
able carnosine but no anserine, whereas, in the adults, the carnosine content 
was low and the anserine content was high. Carnosine and particularly an 
serine were decreased in concentration in the muscles of vitamin E-induced 
muscular dystrophic rats (17). Similarly, t-methylhistidine, carnosine and 
anserine were decreased in concentration in the muscles of severely dystro 


phic rabbits, although the levels of most of the amino acids were elevated 


(26). 

No clear picture of the role of the free imidazole compounds emerges 
from these observations. Bate-Smith (2) has suggested that they act in a 
buffering capacity. Several reports, particularly in the Russian literature 
(reviewed by Stekol, 23), suggest that they may contribute to the metabolic 
activity of the muscle (24,25), possibly via phosphate derivatives (7). It 
has been suggested that the imidazole compounds are involved in flavor 
(1,22). 

The presence of relatively large amounts of histidine in tuna, mackerel 
and sardine has been known for some time (reviewed by Shewan, 78, 27). 
Free histidine is undoubtedly the source for the relatively large amounts of 
histamine which occasionally cause outbreaks of food-poisoning after inges 
tion of some types of spoiled fish (reviewed by Shewan, 27). The highest 
amount of histidine previously reported was 400 mg. histidine nitrogen per 

Unpublished, this laboratory. Experimental fish, courtesy of Dr. J. Halver, U. 
Fish and Wildlife Service, Cook, Washington 
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100 g. of flesh in mackerel (12,173). The value for mackerel obtained in this 
study was 136 mg. histidine nitrogen per 100 g. 

In line with Shewan’s observations (21), the pelagic fish contained rela- 
tively high amounts of imidazole compounds as compared with flat fish, fresh 
water fish, or elasmobranchii, but no attempt will be made here to correlate 


the compositional studies with species. 


SUMMARY 
An ion-exchange column method has been used to survey the amounts 
of anserine, carnosine, histidine and L-methyllhistidine in the muscle tissues 01 
23 species of marine fish, 2 elasmobranchii, 6 fresh water fish, and 6 molluscs 


and crustacea. Relatively large amounts (10 to 50 » moles/g. each) of an- 
serine and histidine were found in the four tuna species investigated. The 
salmon. swordfish and sablefish had large amounts of anserine only (11 to 


25 w moles/g.). The mackerel, sardine, and menhaden contained large 


1 


the dark meat. Large vari 


amounts of histidine only (15 to 49 » moles/g.). Light meat of these fisl 


contained more imidazole ce unds than di 
ations in imidazole content were noted with different individuals of the same 


ions of these findings are discussed. 


ces 


produ 
Mem. Rese 
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Since Green (2) conducted his pioneer work on the storage of fat in the 
muscular tissue of king salmon in 1913, interest has increased in the variation 
of oil content in salmon. The way in which the protein and moisture vary in 
relationship to the amount of oil is also of interest. In addition, the emphasis 
physicians and dieticians now are placing low-sodium 
importance being assigned to the 


liets in treating 


as well as asing 
sodium-potassium balance in normal body functioning necessitates 
Thus, it was found desirable to analyze 


various disordet Ss, 


termination of these elements. 

six constituents: moisture, oil, protein, and potassium. Atten 
s focused on pink salmon (Oncorhynchus rbuscha) because it 

ot f the Pacific Ocean species of salmon. The present 
study was conducted in Ketchikan, Alaska, since there were 
luring the time available for 


in Washington coast waters duri 


EXPERIMENTAL 


Collection of specimens. thorough investigati 
variation due to: (1) on of the fish trom which 
size, (4) degree 


is one 
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tf the more abundant of t 
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Preparation of 
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Chicago, May 27, 1958 

* Pink salmon mature in a two-year cycle of even- and odd-year populations. Althoug! 
\laska, only the odd-year population is found in Washington 


619 


he 
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bf 


Figure 1. d—dorsal; I—lateral; bf—-belly flaps; n—nape; c—center; t—tail; 
LM—main parts after sections removed; lIm—remaining light meat. 


(bf), and the remaining light meat (Im). Each sample was weighed, ground in a Hobart 
grinder, vacuum-packed in a %-pound can, and stored at — 28° C. until analyzed. Series A 
was analyzed in Ketchikan. The remaining series were shipped to Seattle and stored at 
— 18° C. until analyzed. 

Methods of analysis. Standard Methods of Analysis of the Association of Official 
Agricultural Chemists (1) were used to determine the percentage of moisture, oil, protein, 


and ash in each sample. 
Sodium and potassium values were determined in units of mg./100 g. by means of a 


direct-reading flame photometer, using an adaptation of the procedure developed by the 
National Canners Association Research Laboratory (3) 


RESULTS AND DISCUSSION 

The 21 specimens examined showed wide variation in composition ( Table 
1). The total liquid (moisture plus oil), however, ranged in most cases only 
from 79 to 83%, with an average of about 81%. The greatest variations in 
moisture were found in the dorsal samples and ranged from 44 to 84%. 
These figures were not actually determined, owing to insufficient sample to 
run a moisture determination, but the moisture was obtained by subtracting 
the sum of the 3 components determined (protein, oil, and ash) from 100% 
Thus, the factor of variation for moisture is nearly 2. For the values actually 
determined, the moisture varied from 63.1 to 80.2%. The greatest variation 
in composition was found in the oil component. It ranged from 1.3% in 
the light meat to 43.3% in the dorsal, giving a factor of variation of 33. The 
protein content showed a rather surprising variation from 9.6° to 22.0%, 
giving a factor of variation of 2.3. The ash varied from 0.75 to 1.68%. Here 

© This is the lowest content of protein for salt-water fish so far determined in this 
laboratory. The liquid content (moisture plus oil) constituted almost 90% of this partic 
ular fish, which also is the highest value thus far obtained. 
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the factor of variation was 2.2. The high values were obtained for samples 
whose ash remained dark in color even after heating for 24 hours at 550° to 
580° C. Sodium showed a factor of variation of 4.3 with a low content of 46 
and a high content of 198 mg./100g.4. Potassium had a smaller variation 
with a factor of 2.8. The low content was 123, and the high 351 mg./100 g 

The way in which the constituents varied in relationship to one another 
(Table 1) is interesting. As would be expected, the moisture varied inversely 
with the oil. The greatest fluctuation was found in the dorsal, lateral, and 
belly flap parts, which are only a minor portion of the edible flesh. The steak 
sections, which make up the usual food serving, were relatively low in oil, and 
the amount decreased from nape to tail in the range from 5 to 3%. These 
low values of oil were accompanied by corresponding increases in the amount 
of moisture. 

Protein percentages showed some variation with respect to moisture and 
oil but there was no uniformity. There appeared to be a direct relationship, 
however, between the amount of protein and of potassium found in the flesh. 
The fluctuations were great and the number of samples small, but the aver- 


ages were as follows: 


All Potassium Values (mg 


All Protein Percentages 
Average Range 





Jelow 16.0 188 160 - 203 
3etween 16.0 & 20.0 274 210 - 324 
Above 20.0 3 351 


In many cases, the amount of sodium seemed to vary inversely with the 
amount of ash. Again the fluctuations were great and the number of samples 
small, but the averages indicated a possible inverse correlation : 





All Sodium Values (mg./100 g 


Average 





3elow 1.0 108 
Between 1.0 & 1.2 


Above 1.2 





It is recognized that, at present, these variations should be considered merely 
as trends, the verification of which will depend on results from a wider vari- 
ety of samples that will be analyzed in the future. Unpublished results from 
a 1957 series of Puget Sound pink salmon, however, gave essentially the 
same comparisons. 

The variation of constituent percentages in regard to their position in the 
fish also was interesting, and in some cases surprising. This was especially 
true in the case of oil. The dorsal part had the highest percentages as well as 
the greatest variation (2.1 to 43.3) (Table 1). The belly flaps ranged from 
2.2 to 17.8% fat, and frequently were lower in this constituent than was the 
lateral muscle, which had a range of 7.8 to 18.5%. The other parts of the 


* It is important to note that values above 100 mg. were found only in the dorsal and 
belly flap parts, which constitute but a minor part of the total edible portions of the fish. 
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TABLE 2 
Comparative data of Southeastern Alaska pink salmon! (Oncorhynchus gorbuscha) 





Section Moisture i Protein Ash Sodium | Potassium 


Ge % Mg./100 g.|Mg./100 g 


Males —_ 

small size, 

sexually immature 
Lateral 
Belly flaps 
Steaks 
Light meat 


Average 


Females — 
small size, 
sexually immatur 
Lateral 
Be lly flaps 
Steaks 
Light meat 


Average 


Males 

small size, 

medium sexual maturity 
Lateral 
Belly flaps 
Steaks 


Light meat 
Average 
Males — 


large size, 
sexually mature 


Lateral 
Belly flaps 
Steaks 
Light meat 


x 


wg 1 43 4p 45 Xs 
-, 30 


Ave Tage 


Females — 
large size, 
sexually mature 
Lateral 
Belly flaps 
Steaks 
Light meat 


Ave rage 


D. Males 
large si7e, 
most sexuall) 
Lateral 
Belly flaps 
Steaks 


Light meat 


Average 
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TABLE 2 (continued) 








Protein d Sodium | Potassium 


%e % %e ‘ Mg./100 g. Mg./100 g 


G « « 


Section Moisture Oil 


Females — 

large size, 

most sexually mature 
Lateral 
Belly flaps 
Steaks 78.9 
Light meat 


798 


Average . o 
lable for a small part of 
ng “‘steaks” 





1 To conserve space dorsal values have been omitted since data were avai 


the constituents; and nape, center, and tail sections have been combined under the head 


The dorsal and 


fish were generally quite low in oil, ranging from 1.3 to 9.1%. 
the belly parts lost most of their oil at maturity, whereas the lateral muscle 
usually lost less than half of its oil. In the steak sections (nape, center, and 


tail), the moisture increased and the oil decreased from nape to tail. In the 


center part, the sodium was lower than in the nape or tail. 

The variation in composition with time of capture was not great, since the 
commercial season covers a period of only 4 weeks in Alaska. The variation 
in condition seemed to be more important than either seasonal or size vari- 
ation. A wide variation in size of specimens was obtained, ranging from 1.37 
Kg. to 3.04 Kg. This range was quite large for pink salmon, a relatively 
small member of the salmon family. Although no large prime* specimens 
were obtained, it appears that the difference between small and large prime 
less than were found in the 


specimens of the same degree of maturity were 
Small 


case of prime and of mature specimens regardless of size (Table 2). 
prime specimens had about the satie composition whether they were anale or 
female, except that the female had the higher content of oil and lower content 
of sodium. In the case of large mature specimens, however, the female had 
the lower oil content. The variation with maturity was very pronounced and 
was greatest in the case of oil content. Comparisons of large and small males 
and females showed about the same changes, with a great variation in content 
of oil, especially in the dorsal and belly parts, and with a lesser variation in the 
content of protein. Since the smaller specimens were generally in good condi 
tion and the larger ones were about ready to spawn, the importance of condi- 
tion rather than size is emphasized. In the pink salmon that were about to die, 
nearly all the oil had been consumed except in the lateral part, which had lost 
about half of its maximum amount. The amount of protein decreased, and 
the amount of moisture increased. The variation in oil noted here is in agree- 
ment with the work of Green on the lateral muscle of king salmon. He con- 
cluded that the lateral muscle was the main depot of storage for fat and that 
this muscle retained most of its supply in the mature fish. 


SUMMARY 
Chemical analyses of various sections of large and small, male and female 
pink salmon captured during the opening, middle, and close of the 1956 com- 
mercial fishing season in Ketchikan, Alaska, support the following conclu- 


* By prime is meant a specimen in best condition physically, but not sexually mature. 
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sions: (a) there is great variation in composition in the various sections of 
each specimen, (b) the greatest variation is in oil content, with the highest 
values being found in the dorsal, lateral, and belly flaps, in decreasing order, 
(c) the oil content varies inversely with moisture, (d) a high sodium content 
is associated with a low content of ash, and a high potassium content is asso- 
ciated with a high content of protein, (e€) variations with sex and size are 


small in comparison with variations due to sexual maturity. 


LITERATURE CITED 
1. Assoc. Orriciat Acric, CHeMists. Official Methods of Analysis. 8th ed. 1955 


e muscular tissue of the king salmon and its 


2. Green, CuHartes W. Storage of fat in tl 

resorption, duriry the fast of the spawning period. Bulletin of the Bureau of 
Fisheries, 33, 36 and 63-138 (1913) 

3. TownseEnp, C. T., Somers, I. I., Lamp, E. A., anp Otson, N. A. A Laboratory Man- 
ual for the Canning of Food. Rev. ed. 1956. National Canners Association Re- 


search Laboratory, Berkeley, California. Chapter 20, 50 





CHARACTERIZATION OF THE RED PIGMENT FORMED IN THE 
2-THIOBARBITURIC ACID DETERMINATION OF 
OXIDATIVE RANCIDITY®? 


RUSSELL O. SINNHUBER, T. C. YU, anp TE CHANG YU‘ 
Department of Food and Dairy Technology Oregon State College 


Corvallis, Oregon 
(Manuscript received May 31, 1958) 


The red pigment formed in the reaction between 2-thiobarbituric acid 
(TBA) and oxidized lipids has been used as an empirical measure of fat 
deterioration by many workers in a wide variety of food products (2, 4, 11, 
12,15, 17,18,19,20). Kohn and Liversedge (8) suggested that the TBA 
reactive material was a carbonyl compound since the reaction was blocked 
by semicarbazine or phenylhydrazine. Bernheim, Bernheim, and Wilbur (7) 
reported the isolation of an impure red TBA pigment and suggested that the 
reactive compound was a 3-carbon chain containing one oxygen atom. Patton 
and Kurtz (12) tested a number of substances and concluded on the basis of 
spectral measurements that malonaldehyde was responsible for the TBA 
pigment and that this compound existed in rancid milk fat. Patton, Keeney 
and Kurtz (71) ina paper regarding the Kreis color reaction for rancid fats 
pointed out the similarity between epihydrin aldehyde and malonaldehyde. 
They reported that the TBA reactive material from oxidized milk fat was a 
water soluble, low molecular weight, Kreis positive, carbonyl compound 
similar to malonaldehyde. In addition, they postulated that malonaldehyde 
would be strongly acidic, enolic, and relatively stable on heating with dilute 
mineral acids. These properties are not expected of epihydrin aldehyde but 
would be of malonaldehyde. Kurtz, Price and Patton (9) suggested that the 
oxidation product of milk fat and malonaldehyde was the same and theorized 
that the reaction with TBA occurs by attack of the monoenolic form of 
malonaldehyde on the active methylene groups of TBA, followed by ring 
closure. 

Dox and Plaisance (5) reported the reaction between TBA and a number 
of aromatic aldehydes to form highly colored derivatives. Kohn (7) sug- 
gested that TBA was a specific reagent for sulfadiazine and that the reaction 
involved the amino pyrimidine ring. Shepherd (176) in an extensive study of 
the reaction between TBA and pyrimidines established that TBA was specific 


‘5 , or 


for the pyrimidine ring providing there were no substituents in the 4-, 


6-position. The rate of color formation varied greatly with the various 


functional groups on the pyrimidine ring, but the molecular extinction 
coefficients of the reaction product were the same. Jennings, Dunkley and 
Reiber (6) reported that although the pigments prepared from oxidized milk 
fat, malonaldehyde and sulfadiazine exhibit the same spectral characteristics 
in the visible range, that did not justify the conclusion that the compounds 


* Technical Paper No. 1134, Oregon Agricultural Experiment Station 

> Presented at the 18th Annual Meeting of the Institute of Food Technologists, Chi- 
cago, May 28, 1958. 

© Present address: 228 N. 23rd St., Corvallis, Oregon. 
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are identical. Their study did not report any definite conclusion regarding 
the identity of the pigments, the structure, or the reaction by which they are 
formed. A spectrophotometric technique suggested that the malonaldehyde 
TBA pigment was formed as an equi-molar reaction without loss of water. 

In 1955, Patton and Kurtz (13) reported that freshly prepared a or B 
unsaturated aidehydes did not give the TBA test but when they were autoxi- 
dized or heated with Cu *+* ions a positive reaction resulted. Recently, 
Sinnhuber and Yu (18) described a method for the quantitative determi- 
nation of malonaldehyde with TBA using 1, 1, 3, 3-tetraethoxypropane 
(TEP) as a standard. Acid hydrolysis of TEP yields malonaldehyde, which 
reacts with TBA to yield the red pigment with an absorption maximum at 
535 mp. The results were expressed as TBA number, or milligrams of 
malonaldehyde per 1000 g. of sample. No evidence was offered, however, that 
the free malonaldehyde existed in rancid fishery products. 

This paper describes the preparation and isolation of the TBA pigment 
from rancid salmon oil, 1, 1, 3, 3-tetraethoxypropane (TEP) and sulfa- 
diazine as the pure, crystalline compound. Although prepared from widely 
diverse materials, elemental chemical analysis, absorption spectroscopy, com- 
bining ratios, and paper chromatography strongly indicate that all the pig- 
ments are identical. The equat.on for the formation of the pigment and 
a proposed structural formula are presented. 


EXPERIMENTAL METHODS AND RESULTS 


Preparation of pigments. Preparation of Pigment from 1, 1, 3, 3-tetraethoxypropane 
(TEP). The procedure used was a modification of one described by Dox and Plaisance 
(5) for the preparation of aromatic aldehyde derivatives of TBA. TBA (0.0125 mol.) 
and TEP (0.00625 mol.) were refluxed with 250 ml. of 12% hydrochloric acid in a boiling 
water bath for 90 minutes. The pigment separated from the acid solution as dark purple- 
black needles. Crystals were filtered on a sintered glass filter funnel with suction; washed 
with 100 ml. of 0.6N hydrochloric acid; briefly with hot water; then with 20 ml. of ethyl 
alcohol; with 100 ml. of 1:1 alcohol and ethyl ether and finally with 100 ml. of ethyl 
ether. Since TBA is slightly soluble in ethyl ether, it may be removed by continuous 
washing. The purple needles were dried in a vacuum oven at 60° C. The yield obtained was 
91%, assuming a 2:1 mole reaction with the loss of 2 mols of water. 

In another preparation the methyl compound, 1,1,3,3-tetramethoxypropane, was 
used. The yield and results obtained were the same. 

Preparation of Pigment from Sulfadiazine. Sulfadiazine (0.02 mol.) and TBA (0.04 
mol.) were refluxed with 350 ml. of 12 percent hydrochloric acid for 90 


boiling water bath. The dark purple needle-like crystals were filtered on a 


filter funnel and washed as described in the preparation of pigr 
purple crystals were dried ; 

Preparation of Pigm A; s 
of rancid salmon oil with a TBA number of 257 (18) and 20 ml. of 1:1 hydrochloric acid 
were heated on a steam nitrogen served to stir the mixture and carry 
the more volatile material through a lux condenser (water temp. 13°C.) <A delivery 
tube connected to the top end of the condenser passed the volatiles to a flask containing 
250 ml. of. a 1% TBA solution in 0.6N hydrochloric acid. After 2% hours the flask 
containing the acid TBA solution was 1 a boiling water bath under a_ reflux 


condenser for 40 minutes. Separati the crystalline pigment was carried out as described 


above in the preparations using TEP and sulfadiazine 


uw 
Separation of fr i nalde 


s the free aldehyde in rancid products has 1 been dem 
reactive material may exist as an a l iggested by Powick 
that this rancid salmon oil had a sharp penetrating odor similar to 
may be caused by other carbonyls his experiment was an attempt to answer the question 
of the presence or absence 7 T al nal lehyde in rancid fat. Ten grams ot salmon oil 
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(TBA number 257) were held at room temperature while a stream of nitrogen carried any 
volatile material through a reflux condenser (water temperature 13° C.) and into a flask 
containing a solution of TBA in 0.6N hydrochloric acid. After 2% hours, a quantitative 
determination of malonaldehyde was carried out oa the TBA solution (18). Results ob- 
tained indicate that a small amount of malonaldehyde, 2.2% of the total amount, probably 
was present as the free carbonyl. 

Purification of the Pigments for Elemental Analyses. One gram of pigment, prepared 
as described above, was finely ground in a mortar. The powder was boiled for 40 minutes 
with 200 ml. of 0.6N hydrochloric acid, cooled to 60° C. and filtered on a sintered glass 
The powder was washed with 100 ml. of 0.6N hydrochloric acid; 25 


funnel with suction. 
> manner; and finally 


ml. of cold water from a wash bottle; 25 ml. of ethanol in the same 
with 100 ml. of diethyl ether. The dark purple powder was dried in a vacuum oven at 
60° C. to constant weight. 

Absorption spectrophotometry. The 3 pigments described above were compared in 
a Beckman DU spectrophotometer. Solutions of the pigments were made by car efully 
weighing 10 mg. samples, dissolving the pigments in 10 ml. of 0.1N sodium hydroxide, 
adding distilled water, then 10 ml. of 0.6N hydrochloric acid and making the total volume 
to 1000 ml. in a volumetric flask. Five ml. of this solution were transferred by pipette 
to a 100 ml. volumetric flask and the solution made up to the mark with water. This 
final solution, containing 0.05 mg. of pigment in 100 ml. was compared in a one cm. cell 
in the spectrophotometer. Figure 1 shows the visible and ultraviolet absorption spectrum of 
the TBA pigment derived from rancid salmon oil. 
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Figure 1. The absorption spectra of the crystalline TBA pigment isolated from 
rancid salmon oil. 


The spectra obtained with the TEP and sulfadiazine pigments were identical but were 
not included in the figure for reasons of clarity. The main absorption maximum is at 
532-535 my. with slight secondary maximas at 245 mu and 305 mu. TBA which has a 
primary absorption maxima in water at 264 mu and an approximate E 1%/1™ of 1,170 does 
not appear to be present as a contaminant in the pigment samples. The E1%/1*™ values 
obtained for the 3 pigments, as prepared, gave the following initial values: malonaldehyde 
— 4610; sulfadiazine — 4580; and salmon oil — 4520. After purification and careful drying 
under vacuum, somewhat higher values were obtained. An average of all values obtained 
gave an E1%/1°™ of 4780. 

Employing the value for the molecular extinction coefficient recently reported by 
Sinnhuber and Yu (18) of 1.56 X 105 and the E1%/1°™ yalue, the molecular weight of 
the pigment may be calculated. The calculated value obtained for molecular weight is 327 
which agrees quite closely with the molecular weight of a compound with two molecules 
of TBA and one of malonaldehyde. 
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Molecular composition of the pigment. As was mentioned earlier in this paper, 
there are several theories as to the molecular relationship of TBA to malonaldehyde but 
there is no definite evidence. Since the determination of malonaldehyde is quantitative (18) 
and the pigment appears quite insoluble in dilute hydrochloric acid, experiments were con 
ducted to determine yields with various combining ratios. Evidence so obtained could 
suggest an answer to the chemical composition of the pigment. Various molecular ratios of 
TEP to TBA were used: 1:1; 1:2; and 1:3. The yields, based on the TEP used, were 


respectively, 45% ; 92%: 98%. According to the results obtained, the authors conclude 


that the pigment from TEP described in this report is a condensation of one molecule of 


malonaldehyde with two molecules of TBA. Although no definite evidence was obtait 
elimination of two molecules of water to complete 


TBA is not easily ex} 
tion alx the chemi 
1 1¢ 

higher molect inctik Th f the TB: ul fadi: pigment 
same nalonaldehyde pi ! cleavage 
pyrimidine ring to yield a . rbon fragm whicl *s the same pigment as TEP 

to be explained 

Chemical composition of pigments. 
jected to quant: mcr ialysis \ssu 
naldehyde w nolecules of TBA an 


molecular assumed e1 


be Cy,H Se. 7 analytical 1 I btained are shown 


TABLE 1 
Elemental Analysis of TBA Pigments 





lonaldehyde 





Hydrogen 
Nitrogen 


Sulfur 





mina ¢ Dumas method and sulfur by the Carius procedure. No ash 
was present after the carbon-hydrogen determination. From the data presented in thi 
table, it appears that the TBA pigment pre <d from malonaldehyde, salm« il, and 
| TI however, t a slightly different 


empirical formula. It is suggested tha 1¢ molecule of water of illization may be 


liazine are identical. The ar 
present. This more nearly corresponds to the elemental chemical analysis, but remains 
be clearly demonstrated 

Paper chromatography of TBA reaction products. After numerous unsuccessful 
ttempts to chromatograph the TBA red pigments, a solvent system was found whic! 
permitted paper chromatography of the red TBA reaction products. The sy 
Boulanger, 1951, described by Block, Le Strange and Zweig (3) gave a satisfact 
of development. This system has the following composition: Phenol-isopropa: 
acid-water, (80:10:10:100°/V). The upper layer is used after allowing the mixture 
stand for 24 hours. Whatman No. 1, filter paper, chromatographic grade, was used. Water 
solutions of the pigments or the pigments evolved in the Yu, Sinnhuber TBA procedure 
(20), in the case of the 2 fishery products used, were applied to the paper by the usual 
technique. The chromatogram was developed descendingly for 8 hours at room temperature 
in a glass jar. Results obtained are shown in Figure 2. Inspection of the chromatogram 
with ultraviolet light revealed a fluorescent rapidly moving material which proved to be 
TBA. TBA fluorescent spots were noticed in the herring meal and tuna samples but not 
in the pigment preparations from TEP, sulfadiazine, or from rancid salmon oil. This 
procedure can serve as a means of separating pigment from TBA, which has been reported 
as a difficult procedure (6). The Rf values of the pigments were as follows: Red pigment 
from sulfadiazine — 0.22; rancid salmon oil — 0.21; malonaldehyde (TEP acid hydrolysis 
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Figure 2. Chromatogram of TBA pigment prepared from various sources. 








1. Sulfadiazine 4. Frozen tuna 
2. Rancid salmon oil 5. Herring meal 
3. Malonaldehyde from TEP 


product) — 0.22; frozen tuna — 0.22 

graphic data as presumptive evidence that the pigment 
Miscellaneous properties of the pigment. Figure 3 show photomicrograph of 

the TBA reaction product derived from rancid salmon The crystals are purple 

black needles which gave no definite melting point up to 300° ¢ l er were 

obtained by the reaction of TBA with either sulfadiazine or TEP 


The pigment is only very slightly soluble in water, but is readily solul 
Ke ; 


lilute 


Figure 3. TBA pigment crystals prepared from rancid salmon oil, 120X. 
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alkaline or pyridine. The pigment may be precipitated from pyridine solutions by the 
addition of an excess of diethyl ether. The ether precipitated pigment was not crystalline, 
but an amorphous appearing compound difficult to filter and purify. 

Alkaline solutions of the pigment gave a decrease in intensity of the spectral ab- 
sorbence and shifted the maxima to a longer wave length. This point should be considered 
in TBA rancidity determinations made in alkaline or pyridine solutions. The pigment ap- 
pears to be fairly stable in mild alkali. The wave length shift is reversible upon addi- 
tion of acid. 

The TBA malonaldehyde pigment is readily absorbed on cellulose powder or on filter 
paper pulp from mild acid soiutions and may be eluted by weak alkali, phenol or pyridine 


solutions. 
DISCUSSION 
This paper presents evidence that the TBA reaction product of rancid 
salmon oil, sulfadiazine and malonaldehyde all yield the same pigment com 
isolated from 


pound. The crystalline TBA derivatives were prepared and 
these three sources and appear to have identical properties. The molecular 
configuration of the pigment is believed to be a condensation product of two 
molecules of TBA with one molecule of malonaldehyde. The yield data and 
combining ratios support this contention. The elemental analytical results are 
additional evidence that the pigment is formed as a o 1 mole reaction. The 
is CyHseNgl )4So, vith a calculated molecular 


pted be- 


i 


empirical formula derived 
Molecular weight determinations were ot atten 


solubilit 


. pr¢ wT 


graphy of the three pigments 1 ered a I 

developed from 

herring meal and frozen na gave the tf valu as the crystalline 

pigments. This technique furnished f the purity of the 
pigments. 

Visible and ultraviolet spectrophotometry provided more data that the 
pigments were identical and was indicative of their purity and intense color. 
The average E’'™- value of the purified crystalline pigments was 4780 at 
535myp in water (pH — 0.9 with hydrochloric acid). The molecular extine 
tion coefficient at 535myp of the pigment derived from the acid hydrolysis 
product of TEP (malonaldehyde) was 1.56 K 10° (16). These values sug- 
gest that the pigment may be in a quinonoid configuration. The reaction and 
proposed structure of the TBA pigment are presented in Figure 4. The 
possibility of water of crystallization as part of the red pigment is suggested. 

The data presented here show that the TBA reaction products of rancid 
salmon oil, sulfadiazine and malonaldehyde are identical. The oxidative 
origin of malonaldehyde in rancid fats or actual proof of this carbonyl as 
the free compound is still somewhat obscure. If one assumes that malonalde- 
hyde is the compound necessary for the TBA test, then it is even less clear 
how sulfadiazine could give rise to malonaldehyde. In 1928, Powick (14) 
explained the mechanism of the Kreis test as due to the reaction between 
phloroglucinol and a 3-carbon aldehyde, epihydrin aldehyde. He suggested 
that the unstable aldehyde probably existed in fat as an acetal compound 
since he was unable to isolate the free compound. According to Lea (10) 
this view has found general acceptance. Lea adds “it is also possible that 
the aldehyde does not exist, even as an acetal, in the fat, but is formed from 
some precursor, possibly a peroxide, under the influence of the acid used in 
the (Kreis) test.” Patton, Keeney, and Kurtz (1/1) investigated the Kreis 
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TBA MALONAL DEHYDE TBA PIGMENT 


Figure 4. Proposed formation of TBA pigment from malonaldehyde. 


reaction and concluded that malonaldehyde, not epihydrin aldehyde, was the 
responsible compound for both the Kreis and TBA test. They were unable 
to demonstrate the actual existence of either compound as the free aldehyde in 
oxidized fat. In 1958, Sinnhuber and Yu (78) used TEP as a standard for 
the TBA reaction. The identical color was formed from both malonaldehyde 
and from a substance in rancid fishery products. However, no proof was 
offered that malonaldehyde existed in rancid fat. It is possible that the TBA 
reagent on contact with rancid fat could hydrolyze an acetal derivative as 
suggested by Powick in the Kreis test or decompose a peroxide as offered by 
Lea. In this investigation a small amount (2%) of the total TBA reactive 
material was removed by a stream of nitrogen. It is suggested that free 
malonaldehyde was among the volatile material. The results are not con- 
clusive since the amount was very small and a volatile malonaldehyde deriva 


tive or precursor may have passed over and then was hydrolyzed by the TBA 
reagent. The rancid oil had a TBA number of 287, expressed as mg. of 


malonaldehyde per 1000 g. of fat. This would mean that from 5 to 6 mg. of 
malonaldehyde were present as the free compound. Additional confirmation 
on this point is needed. When acid is added to the rancid fat, large quantities 
of volatile TBA reactive material were produced. Again the reasoning of 
either Powick or Lea would give an adequate explanation. It does show that 
a very volatile TBA reactive compound was split from the rancid fat by 
hydrochloric acid and indicates that the active TBA material is present as a 
larger molecule. 

The reaction of sulfadiazine with TBA to yield the identical TBA malon 
aldehyde pigment is presented in this report. Kohn (7) first reported on the 
red color reaction between sulfadiazine and TBA. Shepherd (16) made a 
comprehensive study of the reaction between TBA and many pyrimidines. 
He concluded that the TBA red reaction was specific for the pyrimidine ring 
providing there were no substituents in the 4-, 5-, or 6-positions. The nature 
of the reaction was unknown. He reported a molecular extinction coefficient 
for the TBA reaction product of sulfadiazine of 6.5 & 10* at a pH of 2.1. 
We wish to report that, using the same procedure as Shepherd, the molecular 
extinction coefficient could be varied by changing the concentration of TBA. 
It appears that if suitable conditions were found, a molecular extinction 
coefficient identical with TEP is conceivable. The nature of the reaction 
whereby a 3-carbon fragment is apparently cleaved from a pyrimidine ring 
remains to be elucidated and extended to other compounds of similar struc 
ture. Unknown also are the other products of this reaction. This report 
confirms the absorption spectra of the red pigment reported by Shepherd 
(16) and the shift to a longer wave length, in an alkaline solution, with a 
decrease in absorbency. The chemical properties and reactions of the red 
pigment were extensively investigated by Shepherd. The results he obtained 
may be applied to the TBA malonaldehyde pigment. 
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SUMMARY 

The pure crystalline TBA pigment was prepared as purple black needles 
trom rancid salmon oil, sulfadiazine and the acid hydrolysis product of 
1, 1, 3, 3-tetraethoxypropane, malonaldehyde. The results obtained by 
elemental analyses, absorption spectrophotometry, and paper chromatography 
all suggest the pigments are identical. The data indicate that the crystalline 
pigment is a condensation product of one molecule of malonaldehyde with 
two molecules of TBA and the probable elimination of two molecules of 
water. From these results and the data on yields and combining ratios, a 
structural formula is proj and the empirical formula, Cy;,HsN4O4Se, or 
Ci HsN4O,4Se + HzO is presented. isible and ultraviolet spectrophotometry 
primary maxima at 532-535 mp with an average 

of 4780 at a pH of 0.9 lat laxima are evident at 245 mp 


* pigment confirm the 


my. 


which a1 


nitrogen. However, upon the addition of hydrochloric acid, the TBA reactive 


material, probably malonaldehyde, may be removed by a stream of nitrogen. 
\ small amount, 2 percent, appeared to be present as the free malonaldehyde 
Sulfadiazine reacts with TBA in a hvdrochloric acid media to yield the 

: 


+} + 


7 } 1 q | ; 4 r\ares Ihr »* mine 
identical pigment. The mechanism of the cleavage o » pyrimidine ring t 


emains to be explained. 
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(Manuscript received May 31, 1958) 


Measurement of the relative amounts of chlorophyll and pheophytin pres- 
ent in vegetables is of importance because it provides information regarding 
the condition of the vegetable when received. Changes occurring during the 
cooking process can also be followed by measuring progressive conversion 
ot chlorophyll to pheophytin. 

Estimation of chlorophyll in plant pigments depends fundamentally on 
the complete extraction of the pigment in known form from the plant mate- 
rial and on a reliable measurement of the pigment content of the extract 
Pigments can be measured by colorimetry, fluorometry, or by estimation of 
magnesium content. Of these, only the colorimetric methods have been used 
for routine purposes. 

Colorimetric procedures cover a wide range of complexity. A method 
described by Petering, Wolman and Hibbard (7) consists merely in extract- 
ing the plant material with 859% acetone and measuring the green color at 
the wavelength of maximum absorbance. Other more elaborate procedures, 
(9), (10), (12) depend upon separation of chlorophyll components by chroma 
tography and determining each component by colorimetric measurement. 

In a study carried out in our laboratories it was necessary to determine 
the percentage of chlorophyll converted to pheophytin in broccoli cooked by 
the various methods being investigated. A modification of the method of 
Petering ef al., because of its simplicity, was used in the initial phases of 
the work. 

The absorbance of acetone extracts at 660 and 642.5 mp was used for 
estimating chlorophyll content. Although pheophytin also absorbs at these 
wavelengths, its absorbance is considerably less than that of chlorophyll 
Therefore, as chlorophyll is converted to pheophytin during the cooking 


process it is possible to follow the progress of the conversion by measuring 


the decrease in absorbance at these wavelengths. 

The chlorophyll content of the broccoli was correlated with results ob- 
tained by panel evaluation of color; the panel evaluation in turn correlated 
with objective measurements of color obtained by use of the Gardner Color 
Difference Meter (1). Results are summarized in Table 1. All panel color 
evaluations were made on a 5-point scale, a score of 5 denoting maximum 
greenness. Gardner a;, color readings were obtained using a Medium Green 
Color Standard L 50.5, ay-25.6, by 6.4. 

As shown in Table 1, the correlations of chlorophyll with panel color 
evaluations are lower than those between Gardner readings and panel color 
evaluations. Mackinney and Weast (5) have pointed out that changes in 

* Presented at the Eighteenth Annual Meeting of the Institute of Food Technologists, 
Chicago, Illinois, May 28, 1958 





JAMES P. SWEENEY AND MARGARET MARTIN 


TABLE 1 
Comparison of methods of color evaluation of cooked broccoli 


Qualities correlated Sample type | N! 





. F | ads 5 
Gardner {1 | Head 156 
br 
vs. 


Panel color 


Stems 


Chlorophyll Jnme. Heads 
100 g. and 


vs. , 
Stems 


Panel color 


mmg. Heads 


Chlor¢ yphyll 
Vs. 100 g. and 
mo. an Stems 
Gardner — 

br 





1 Number of pairs correlated 


physical structure of plant walls during the cooking process will affect ad- 
versely the correlation between chlorophyll content and organoleptic color 
evaluation. Also, because of the lack of uniformity of the broccoli used in 
the study, there were large variations in its day-to-day chlorophyll content 
It appeared, therefore, that the relative amounts of chlorophyll and pheo 
phytin, rather than total chlorophyll, might correlate more closely with color 
evaluations obtained by other means. 

A procedure for determining the percentages of chlorophyll and pheo 


phytin in acetone extracts of frozen packs of peas and string beans has been 
reported by Mackinney and Weast (5). It ts based on the fact that chloro 
phyll can be quantitatively converted to pheophytin by treatment with oxalic 
acid. From results obtained by measuring the absorbance at 560 and 535 my, 
the relative percentages of the two substances were calculated. 

A study was made of the Mackinney-Weast method in order to determine 
its suitability for measuring chlorophyll changes occurring in broccoli. 


EXPERIMENTAL 
Determination of absorption coefficients. The following formula 
oped by Comar and Zscheile (2) for calculating the amount of chl 
ethyl ether extracts: 


oro] 


lo 
Total chlorophyll (mg/1) = 7.12 logio —— (at 660 mu) + 16.8 logio 


To study the application of the Comar formula to acetone extracts it was necessary 
to compare the absorption spectra of chlorophyll and pheophytin in the 2 solvents. Broc 
coli was extracted with acetone and a portion of the extract transferred to ethyl ether, 
using the A.O.A.C. procedure (6). A 25-ml. aliquot of the ether extract was treated with 
1 ml. of a saturated solution of oxalic acid in ethyl ether. To a second aliquot was added 
1 ml. of ethyl ether. Two 25-ml. aliquots of the acetone extract were treated respectively 
with 1 ml. of a saturated solution of oxalic acid in acetone and 1 ml. of acetone. The 
absorption spectra of these solutions was determined, using a Beckman DU spectropho- 
tometer. From the data (Figure 1) thus obtained it was possible to calculate specific 
absorption coefficients for acetone extracts of chlorophyll, and for the change in absorb 
ance occurring at various wavelengths when chlorophyll is converted to pheophytin. A 
comparison of the absorption spectra of chlorophyll in ether and in acetone at 642.5 and 660 
mu shows the following relationship : 
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Absorbance (ether extract) 
MERE RSM * ae ae 1 2? 
Absorbance (acetone extract) 


Using these proportions, the Comar formula for calculation of total chlorophyll in ether 


extracts was modified for use in acetone : follows : 


mmg. ‘ lo 
—— = 8.69 log (at 660 mu) + 20.5 logig — 


1 


mi 


of Mackinney and Weast (5) the percentage of chlorophyll 


n extract of unknown composition is determined by measurement of its 


an 

535 and 556 mu. In the work on broccoli, determinations were based on 
measuring the nge in absorbance rather than on absorbance as such. Aliquots of each 
extract were measured before and after treatment with oxalic 1. The chlorophyll pres 
ent in the broccoli extracts was converted to pheophytin by treatment with oxalic acid 


the amount of chlorophyll orig 


and the change in absorbance utilized 
inally present in the extract 


examination of th rption spectra, Figure 1, shows that at 558 my the ab- 
I ! al Measurements at this wave 
| 


he total amount of chlorophyll and 


pheophytin present in th t igths above 
hlorophyll was considerably ter than tl f pheophytin. For this reason the possi 


a 
558 mu the absorbance of 
bility of utilizing measurements of ; vance changes at wavelengths other than 535 mu 
was investigated. To do this it \ necessary to determ cific absorption coefficients 

changes in absorban rring at various w gths when chlorophyll is converted 


to pheophytin. 

















JAVELENGTH IN MILLIMICRONS 


Figure 1. Comparison of the absorption spectra of chlorophyll and pheophytin 
in acetone and ether. 
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In Table 2 are shown constants obtained st various wavelengths for the absorption 
changes occurring when oxalic acid is added to extracts of uncooked broccoli. The sp 


cific absorption constants obtained at 558 my are also known. 


TABLE 2 
Effect of oxalic acid on absorbance of acetone solutions of chlorophyll 


j " = se 
| Specific absorption coefficients at certain wavelengths 





Je ase ; 
Increase Decrea Absorbance 
558 ma 


JJ) mye | 642.5ma | 665 mua 








7.6 12.8 25.8 6.8 
0.339 1.34 0.316 
26 5.2 4.6 


14 14 14 


Absorption coefficient 
Standard deviation 
Coefficient variation 
Number of replications 


Using these constants the percentage retention of chlorophyll in acetone extracts of 
broccoli was calculated from the following equations : 
In extract of uncooked broccoli: 


lo lo 


Total chlorophyll = 8.69 logyg — (at 660 mu) + 20.5 logig — (at 642.5 mz) 
pny 1 I 


In extract of cooked broccoli: 


(mmg 
(1) chlorophyll retained ——— 
ml 
at 665 mu 
change in absorbanc 


J 


Total cl lorophyll + phe p 


(1) 
—— Xx 


? 


Percentage retention of chl 


( ) 


In all cases the absorbance values are those obtained using sample cell 1 cm 
width. The difference in molecular weight between chlorophyll and pheophytin was 


regarded. 


EFFECT OF OXALIC ACID ON CAROTENES AND XANTHOPHYLLS 

In making the above calculations it is assumed that any changes in absorbance at 
wavelengths of measurement are due entirely to the conversion of chlorophyll to p 
phytin. Willstatter and Stoll (J/) have stated that the yellow pigments present 
extracts are sensitive to acids. Since the acetone extracts studied contained carotene 
xanthophyll in addition to chlorophyll, it was necessary to investigate the effects of the 
oxalic acid treatment on the absorbance of these substances 

Extracts for this study were prepared by blending 100 g. broccoli with 100 ml. acetone 
Twenty grams of the resulting slurry were extracted with 80 ml. acetone. The filtered 
acetone extract was placed in a separatory funnel and 20 ml. H2O and 45 ml. petroleum 
ether were added. The HzO acetone layer was discarded and the petroleum ether layer 
chromatographed on a 1-1 mixture of MgO and celite. The carotene was eluted with 10% 
acetone in petroleum ether, and xanthophylls with 20% acetone in petroleum ether. Elu 
ates were diluted to 25 ml. and were treated with acetone and with oxalic acid as in the 
chlorophyll procedure. A comparison of the absorbance of the acetone and oxalic acid 
treated extracts is given in Table 3. Extracts used were approximately 5 times as con 
centrated as those used in determining chlorophyll. 
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a result of this study 


it was conch y changes in absorbance caused by 
arotene or xanthophylls with oxalic acid, | ve no significant effect 
chlorophyll values as determined by the procedure d 


on 


TABLE 3 
Effect of oxalic acid on absorbance of carotene and xanthophylls 
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Elutions were carried out with the suction adjusted so that the flow of the eluate was 
approximately 100 drops per minute. Aliquots of the chromatographed solutions were 
converted to their corresponding pheophytins by treatment with oxalic acid. The absorp- 
tion spectra, Figures 2 and 3, were determined using a Beckman DU spectrophotometer. 

Absorption spectra of chlorophyll a, Figure 2, shows at 535 my a pheophytin peak 
and at 665 a sharp decrease in absorbance upon conversion of chlorophyll a to pheophytin 
The corresponding spectra for chlorophyll b, Figure 3, also shows an increase in ab- 
sorbance at 535 mz when chlorophyll is converted to pheophytin. However, the maximum 
is at about 530 rather than 535 mu and at no point is there a sharp peak similar to that 
of pheophytin a. The chlorophyll b has an absorption maximum at about 645 mu and 
there is a sharp decrease in absorbance upon conversion to pheophytin. 

Since the chromatographed extracts were in petroleum ether containing 10% acetone 
it was necessary to compare the absorbance of chlorophyll in this solvent mixture with 
that in ethyl ether. Measurements taken at 535, 568, 581, 589, 600, 642.5, 660 and 665 mu 
indicated that : 

absorbance in ethyl ether 
——== ss | 20 


absorbance’ in petroleum ether + acetone 





By application of this correction factor the Comar formula could be used for calculation 
of the chlorophyll content of petroleum ether-acetone extracts. 
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Figure 2. Absorption spectra of chlorophyll a and pheophytin a in petroleum 
ether containing 10% acetone. 


RESULTS 
Table 4 shows the percentages of chlorophyll retained in broccoli cooked for various 
times. These calculations were made on unchromatographed acetone extracts treated with 
oxalic acid in the usual manner. Also shown are the ratios of chlorophyll a to chlorophyll 
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Figure 3. Absorption spectra of chlorophyll b and pheophytin b in petroleum 
ether containing 10°% acetone. 


TABLE 4 
Percent retention of chlorophyll a and chlorophyll b in cooked broccoli 


Chi 
nh 


Ratio a 


» These ratios were calculated on chromatographed extracts makin of the fact 
that at 600 mu the specific absorption constants of the two forms of hyll are the 
much more 


same. As shown in Ta 4, chlorophyll a is converted to pheophytin 


id rate than is chlorophy 

Relative stability in relation to cooking time is also shown in Figure 4. It would 
appear that loss in green color which occurs when broccoli is cooked is due chiefly to the 
conversion of chlorophyll a to pheophytin a. Because of the color difference between 
chlorophyll a and b, the effect of this conversion on the appearance of broccoli is prob- 
ably even greater than indicated in Figvre 4. Chlorophyll a has an intense blue-green color 
Chloro- 


auiy 
and undergoes a pronounced change in appearance when converted to pheophytin 
in appearance to pheophytin 


phyll b, on the other hand, is yellow-green, somewhat similar 
rt f chlorophyll b therefore produces a much less 


The conversion of an equivalent amount « 
striking change in appearance. 
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Figure 4. Relative stability of chlorophyll a and chlorophyll b in broccoli cooked 
for various times. 


Table 5 shows percentages of chlorophyll retained in broccoli cooked for various times 
based on absorbance at 535, 642.5 and 665 my. In column 5 of the table are shown the 
averages of the values calculated at the 3 wavelengths. The percentage retention values of 
chlorophyll calculated at 642.5 were consistently higher than the corresponding values 
calculated at 535 mu. This is due to the greater stability of chlorophyll b, since the 
change in absorbance at 642.5 my is due largely to the conversion of chlorophyll b to 
pheophytin. At 665 my, on the other hand, the change in absorbance is caused by the 
conversion of chlorophyll a to pheophytin; the low values obtained at this wavelength are 
a reflection of the greater instability of chlorophyll a. 

Averages of the 3 values for the percentage retention of chlorophyll do not differ 
greatly from those calculated at 535 mu alone. Measurements taken at 642.5 and 665 mu 
serve as a useful check on those taken at 535. Also since the specific absorption coeffi- 
cients are larger at 642.5 and 665 than at 535 my, an error in reading of the instrument at 


TABLE 5 
Percent retention of chlorophyll in broccoli calculated from absorption data at 
various wavelengths 








; : Chlorophyll retention 
Cooking time N1 % at wavelength, mu 
minutes . —————- qe gum —— — _, —- -- — 





642.5 | 5 | Average 
a | 78.7 
: 69.4 
3 56.3 
3 43.8 


738 
62.1 
46.9 
36.0 


NO wins 


1 
1 
2 





| 
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1 Number of replications 
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535 mu would produce a proportionally greater error in the result than would a similar 


error in instrument reading at the higher wavelengths. Values obtained at 642.5 and 665 
2 chlorophylls to 


my also provide a useful index of the relative rate of conversion of the 2 
their corresponding pheophytins without the necessity for a chromatographic separation. 

In Table 6 are shown panel scores, Gardner color values, and percentages of chloro- 
phyll retained in fresh and frozen broccoli cooked in an electronic oven for various periods 
of time. Chlorophyll values were calculated from the changes in absorbance at 535, 642.5 
and 665 mu. A comparison of methods of color evaluation is shown in Table 7. As in 
the first series of experiments, Table 1, chlorophyll determinations were carried out on 
samples of broccoli prepared for chemical analysis. Gardner and panel color evaluations 
were carried out on broccoli from the same lot, which was prepared separately. 


TABLE 6 
Comparison of methods of color evaluation of cooked broccoli 


se we ws Gn | 





TABLE 7 
Correlation of results obtained by color evaluation methods using modified 
chlorophyll procedure 








Frozen broccol 





Chlor« yphy ll 
vs 
Panel Stems 


( hlorophyll Heads 
vs and 
Gardner Stems 


Gardner Heads 
vs 
Panel Stems 








1 Number of paired samples 
2 Correlation coefficient 


Since the factors being correlated were not determined on identical samples, it was not 
possible to determine the extent to which they were influenced by sample variation. All 


correlations, however, were highly significant. Those involving chlorophyll were consid- 


erably higher than those obtained in the first series of experiments, Table 1, in which 
chlorophyll values were based merely on measurement of the green color at its wavelengths 


of maximum absorbance. It would appear that as a means of color evaluation chlorophyll 
retention as determined by the method described here, compares favorably in precision with 
results obtained by Gardner or panel color evaluation. Chlorophyll determinations hav: 
an additional value since they provide a means of evaluating color directly in terms of 


1 


that originally present 
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EFFECT OF ZINC CHLORIDE ON COLOR OF ACETONE EXTRACTS 


Willstatter and Stoll (11) hive found that metals may be introduced into chlorophyll 
derivatives that have been formed by elimination of magnesium, Figure 5. They were able 
to form complexes between chlorophyl! derivatives and copper, zinc and iron, contained in 
solutions of glacial acetic acid or in alcohol. 

It was believed that this property of chlorophyll might be of value in qualitative de- 
terminations. In order to investigate this possibility, samples of raw broccoli and of 
broccoli cooked by various methods were extracted with acetone. Aliquots of these ex- 
tracts were treated with 2 ml. portions of acetone saturated with zinc chloride. After 
standing for one hour the extracts were filtered. The zinc chloride treatment appeared to 
restore much of the green color which had been dispelled by the cooking procedure. 
Spectrophotometric studies were made of untreated acetone extracts of the broccoli and of 
comparable extracts treated with oxalic acid or with zinc chloride. 
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Figure 5. Absorption spectra of acetone extract of raw frozen broccoli 


Figure 5 shows results obtained using extracts of raw broccoli. The extract of un- 
cooked broccoli contained very little pheophytin and consequently treatment with zinc 
chloride produced no marked change in the absorption spectra. Treatment with oxalic 
acid, on the other hand, converted the chlorophyll to pheophytin, causing significant 
changes in absorbance. 

Figure 6 shows the spectra of extracts of broccoli which had been cooked for 1 min 
ute at 15 pounds pressure. Since the most significant changes occur at wavelengths be- 
tween 535 and 665 my only that portion of the spectra is shown. The untreated extract 
had an absorption spectra approximately midway between that of the zinc chloride and 
the oxalic acid-treated extracts indicating that in this sample there had been a partial 
conversion of chlorophyll to pheophytin. Treatment with zinc chloride caused a restora- 
tion of green color as indicated by the increase in absorbance at wavelengths above 558 mu. 
The zinc chloride-treated extract had a spectra similar to, but not identical with that 
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Figure 6. Absorption spectra of acetone extract of broccoli cooked 1 minute at 15 
pounds pressure. 


of chlorophyll. Treamtent with oxalic acid converted the unchanged chlorophyll to pheo- 
phytin, causing a decrease in absorbance at wavelengths above 558 mu. 

In Figure 7 is shown a portion of the spectra of extracts of broccoli cooked for a 
period of 5 minutes at 15 pounds pressure. In this case treatment with oxalic acid produced 
very little change indicating that most of the chlorophyll had already been degraded by 
Treatment with zinc chloride, on the other hand, produced a marked 


the cooking process 
The absorbance of the zinc chloride treated extract, how- 


change in the absorption spectra 
ever, in contrast to that of other similarly treated extracts, Figures 5 and 6, is lower at 
665 my than at 660 mu. This may indicate that in the case of broccoli subjected to drastic 
cooking procedures, the chlorophyll is at least partially degraded beyond the pheophytin 
stage. 

Absorption constants for the change-in-spectra produced by addition of zinc chloride 
to extracts containing mixtures of chlorophyll and pheophytin were quite variable. With 
further work it might be possible to develop reproducible constants. Use of zinc chloride, 
however, as described above, furnishes a useful qualitative check on the reliability of 
results obtained by the oxalic acid procedure. 


DISCUSSION 


Some of the factors influencing absorption spectra of chlorophyll are pH, 
the polarity of the solvent used (3) and the relative amounts of the various 
chlorophylls present in the extract. Although chlorophyll is believed to occur 
in plants, chiefly as chlorophyll a and b, small amounts may be present as 
c, d, and e, protochlorophyll, bacteriochlorophyll, and bacteriovirden (9 
Some of these have been characterized only by a name and a qualitative ab 
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Figure 7. Absorption spectra of acetone extract of broccoli cooked 5 minutes 
15 pounds pressure. 


sorption spectrum. Therefore, the analyst has no assurance of the uniformity 

of the isomeric composition of the chlorophyll extracts being investigated. 
As pointed out by Smith and Benitez (9), it would seem advisable for 

each analyst to develop his own analytical constants under the conditions of 


analysis used. The techniques described here should prove useful in the 


development of such constants 


SUMMARY 


A method for determination of the relative amounts of chlorophyll and 
pheophytin present in extracts has been described. In the adaptation of this 
method to the study of the effect of cooking broccoli on its chlorophyll con- 
tent, the following steps were taken: 

1. The Comar formula for calculation of the total chlorophyll content of 
ether extracts was modified for use with acetone extracts. 

2. Each extract was examined spectrophotometrically before and after 
complete conversion of the remaining chlorophyll to pheophytin by treatment 
with oxalic acid. 

3. Absorption constants for the change in absorbance were determined 
at 535, 642.5 and 665 mp, and from these constants the relative amount of 
chlorophyll present in the extracts was determined. 

4. The effect of oxalic acid on the carotene and xanthophylls present in 
the extracts was determined. 
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5. Chlorophyll a and chlorophyll b were separated by chromatography 


and the relative stability of the tw rms of chlorophyll in cooked broccoli 


was determined. . 

6. The chlorophyll values were correlated with color evaluations by 
palatability panel and by Gardner Color Difference Meter. 

7. The possibility of using zinc to replace magnesium, eliminated from 


chlorophyll during the cooking process, shows promise. 
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EFFECT OF FERTILIZERS ON QUALITY 
AND COMPOSITION OF TOMATO JUICE® 


G. SARAVACOS?, B. S. LUH, ann S. J. LEONARD 
Department of Food Technology, University of Caltfornia, Davis, Calif. 
(Manuscript received May 31, 1958) 
The effect of fertilizer application on the metabolism (6, 22), composition 
(7,9,11,19,20), and yield (8, 10,12, 13, 18) of tomato plants has been in- 
vestigated. However, it has not been shown whether growing tomatoes 
under conditions favoring high yields would cause differences in the flavor 


and composition of the canned tomato juice. 

In the present work, tomatoes of the Improved Pearson variety were 
grown under the same field conditions but with different treatments of nitro- 
gen, phosphorus, and potassium fertilizers. The fruit was harvested under 


commercial field conditions and canned as juice in the pilot plant at Davis. 
Results on the effect of various fertilizer applications on some chemical 
constituents and on the flavor of canned tomato juice are presented. 


EXPERIMENTAL 
MATERIALS AND METHODS 


Tomato fruits. Tomatoes of the Improved Pearson variety were grown under 
various levels of fertilizer application on Livermore clay-loam soil in a commercial field 
in Alameda County, California. The field had been used for growing alfalfa the previous 
four years and no fertilizers had been applied. The tomato plants were transplanted in 
the field on May 11, 1956. Each plot consisted of 4 rows 93 feet long. Plants were set 
18 inches apart; the distance between rows was 5 feet. From May 11-16, nitrogen, phos- 
phorus, and potassium were applied 6 inches from the plants and 6 inches deep in various 
combinations and amounts. Fertilizer treatments are described in Table 1. 

Tomatoes were harvested at canning maturity on September 19, 1956 
to obtain representative samples of uniform canning maturity as judged visually by skin 
color. Four replications were made for each treatment. 

Canning of tomato juice. Each sample consisted of 120 Ibs. of tomatoes. All the 
processing equipment was made of stainless steel to reduce Vitamin C loss. Fruit was 
washed with sprays of cold water, sorted, trimmed, and stemmed. It was then crushed in 
a “Spike-pump” with simultaneous steam heating to 185° F. The macerate was pumped into 
a paddle finisher with a 0.033-inch mesh screen. The extracted juice was pumped into a 
centrifugal vacuum deaerator under 20 inches of vacuum, and through a tubular heat 
exchanger for 15 seconds to a temperatu~e of 198° F. The hot juice was pumped into a 
surge tank, where 0.75% of sodium chloride was added, and then filled into No. 2% cans at 
160° F. Cans were sealed under atmospheric pressure, processed in a rotary cooker at 210- 
212° F. for 30 minutes, and rapidly cooled in a rotary cooler to 100° F. Samples were 
stored at 68° F. for three months before chemical analyses and organoleptic evaluations 


Care was taken 


were made. 

Nitrogen. The standard Kjeldahl method (3,20) was used 
ninhydrin colorimetric method of Troll and Cannan (21) for amino nitrogen (16), and the 
magnesium oxide distillation method (3) for ammonium nitrogen determination 

Soluble solids. Soluble solids content of tomato juice was determined with a Zeiss 


for total nitrogen, the 


Opton refractometer. 

pH. The pH was determined with a Beckman glass electrode pH meter 

Total titratable acidity. Ten ml. portions of the sample in 200 ml. of distilled water 
* Presented at the Eighteenth Annual Meeting of the Institute of Food Technologists, 
Chicago, May 27, 1958. 

» Home address: New Tiryns, Nauplion, Greece 
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were titrated with 0.1 N NaOH to a pH value of 8.0, using a Beckman pH meter 
were expressed in grams of citric acid per 100 ml. of tomato juice 

Ascorbic acid. The official 2, 6-dichlorophenol-indophenol titration method 
fied by the National Canners Association (3, 17/, was used 

Ash. The ash content of tomato juice was determined according to the offi meth- 


od (3). The ash was used for subsequent determination of the salts 
Sodium chloride. The volumetric silver-nitrate-chromate method was used for the 
canned tomato juice (17 
Phosphorus. Ashed samples were dissolved in 100 ml. of 1:4 HCl in the crucibles, 
and evaporated to dryness on a steam bath to precipitate the silica. The residue was dis- 
solved in 20 ml. of 0.2 N HCl, filtered, and made up to 100 ml. with distilled water. This 
solution was used for the determination of P, K, Na, and Ca. The phosphates were de- 
by the ammonium molybdate method (2). The blue color that 
1 


using a red 


termined colorimetrically 
developed was measured in a Klett-Summerson photoelectric colorimeter, 
filter (No. 66). 

Potassium, sodium, and calcium. The flame spectrophotometric method as modified 
for the determination of these elements in the plant tissue (4,5) wa i 

Flavor evaluation. The flavor of tomato juice was evaluated 
panel of 7 persons who ranked 3 samples a time according to the following scale: 1 
best; 2. intermediate; and 3. poor. Four replications of the same fertilizer treatment were 
| -h sample. The experiment was 


oleptically by 


studied in each case, and 28 judgments were made for ez 
designed to study the following variables: 
(1) Effect of the amount of nitrogen fertiliser. The control sampl 


th two samples made fror natoes ferti 1 with nd with 120 
per acre 
2) Effect of ph 
from plots fertilize 
5 and KeO (120 Ibs. per acre, 
Analysis of variance. Data wert 
Difference (L.S.D.) as lescribed by Alde 


1 


for significance, using the critical ratio met) 


RESULTS 


Nitrogen contents of .»mato juice. The effect of field : 
‘ ! onte:ii of tomato juice is shown in Table 1 


n 
h treatme used. It i nt tha 


tomatoes c 


m tne mitroge 


ications Tf ea 


1 th Neither ni 
in the samples of tomato juice examine / 
with salicylic acid thiosult 
total nitr 


nitrogen of the samples varied from 


of the total nitrogen. All 


content than did the 


from fertilized plants had a higher 
The result is significant at the 5% probability level. A comparison of samples 1, 
and 6 indicates that both yield and nitrogen content increased as the amount of ammonia 
fertilizer increased. A comparison of ples 1, 2, and 6 indicates that under the condi 


ite nitrogen were equally effective in incre 
1 equivalent concentrations 


tions of this experiment, ammonium and nitri s- 
ng yield and in influencing nitrogen content of the fruit provide 
of nitrogen were used. When a complete fertilizer was used (sample 4, with 120 Ibs 
of N, PoOs, and KoO per acre), the concentration of amino nitrogen was m I 


the samples from plots that were treated only with anhydrous ammor 

Soluble solids, acidity, and ascorbic acid. In Table 2, the effect of field 
application on soluble solids, pH, total acidity, and ascorbic acid content of tl 
lifference in soluble solids content and pH was 
The total acidity of the samples 


+ 


fertilizer 
1e canned 


tomato juice is presented. No significant 
observed between the fertilized and unfertilized samples { 
from fertilized plants was slightly higher than that of the control sample. Potassiun 


fertilizer (samples 3 and 4) seemed to have little effect on the a idity of the juice 
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TABLE 2 
Effect of field fertilizer application on brix, acidity, and ascorbic acid content 
of canned tomato juice. Alameda county, 1956 pack 


rbi oid 


100 ml 





control 
NHyNO 


NH4gNOzg 


TSP 


NH4N¢ Ia 
pe y 


KoS¢ Ms 
NHg3 
NHg: 


NH; 
rsp 


NH3 


rsp 


The ascorbic acid content of the juice from fertilized plants was slightly lower than 
that of the control sample and distinctly so in the cases where anhydrous ammonia was 
used (samples 5 to 8). It should be noted, however, that the ascorbic acid content of 
tomatoes is influenced more by the climatic conditions of the growing area than by the 
fertilizer application 

Inorganic constituents. Principal inorganic constituents of the various tomato juice 
samples are shown in Table 3. In general, no appreciable change in the inorganic con- 
stituents was observed. 

Potassium is an important inorganic cation present in tomato juice. There seemed to 
be no important difference in potassium content between juices made from fertilized and 
those from contro! plants. However, a small increase in calcium and phosphorus content 
was observed in the sampies from fertilized plots 

Color. Results are not presented because no significant differences in col 
erved among the samples. 

Flavor. The flavor of tomato juice was affected to a certain degree when fertilizers 
were used. Results are show 1 Tabl Highly fertilized tomatoes gave a less accep 
table juice. The control sample was generally p1 d, and the samp from fertilized 
fruit were described as having a more “acid” flav lavor acceptance of samples from 

| ly fertilized fruit was practically the same as those from the untreated sampl 

be seen by comparing samples 


rogen (sample 6, 120 Ibs. amm 


assium fertilizer ie flavor of the 

] 9 7 The contr ample was pre- 

A pplication utrogen, phosphorus, an tassium seems to cause an inferior fla- 
e that the poor flavor migh > caused by the 


vor in the product. However, it is possil 


) 
effect of high nitrogen, as shown above. If so, then high po n appli 


as compared with samples 1 and 7) may or may not be a contributing factor fertil- 
ization could evidently have some undesirable effect on the quality of th 


control of the amount of plant nutrients for higher yield and good qu 
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DISCUSSION 

Yield data shown in Table 1 indicate that the Livermore clay-loam soil 
used in this investigation responded equally well to NHs or NH4NQs at the 
level of 120 Ibs. N per acre. A slight increase in yield resulted from the ap- 
plication of triple superphosphate as shown in Table 1 (compare sample 2 
with 3, and 6 with 7). Comparison of samples 3 and 4 shows that potassium 
did not cause any increase in yield 

Breon and Gillam (6) reported that t growing in a medium 
with nitrate as a source of nitrogen showed an accumulation of nitrates in all 
parts of the plant following rapid absorption rather than non-utilization. 
However, analysis of the tomato juice used in the present investigation did 
not show any detectable amount of nitrate when the official method of analysis 
3) was used. 

Lee and Sayre (15) have indicated that the use of potash fertilizer tends 
to increase the total acidity in the tornato fruits. In the present investigation, 
1 


] 


samples from fertilized plots showed slight] re acidit it 


itly more acidity th the control 
but no particular increase in potassium ions. This discrepancy may have been 
caused by the difference in climate and soil conditions. 

Application of the various fertilizers resulted in increases in the total, 
t 


‘he amino and 


amino, and ammonium nitrogen in the canned tomato juice. 1] 
ammonium nitrogen constituted a reasonably constant percentage of total 
litrogen. Changes in flavor is more likely to be caused by dilution of flavor 
constituents because of higher yield or by the introduction of some unknown 
poor flavor constituents than by an increase in amino acids 

Hester (11), reporting on fundamental factors influencing the composition 
of tomato puree, found samples from fertilized treatments to have a slightly 
higher acidity and nitrogen content and a lower ascorbic acid content than 
the control. His findings agree with the data collected here. The absolute 
quantity of ascorbic acid found in the present investigation was lower than 
that reported by Hester, a result that might be attributed to the differences 
in climatic conditions, yield per acre, processing or other conditions. For 


potassium-deficient soils, Hester reported that the application of potassium 


, 
in mixed fertilizers improved the red color and increased the total solids, ash, 


sugar, Vitamin C, titratable acidity, and potassium content. Color in tomato 
fruits is known to be related to the lycopene and carotene contents which vary 
with the temperature to which the plants have been exposed, as well as with 
light intensity, abundance of leaf surface, and harvest maturity. An increase 
in color due to potassium fertilization was not found in the present investiga- 
tion, possibly because there was no deficiency of this element in these field 
plots. 

Tomato juice flavor is an important quality factor. Results shown in 
Table 4 indicate that the application of a high level of nitrogen (120 Ibs. of 
ammonia nitrogen per acre) resulted in a juice less acceptable to the panel 
than that which came from an untreated plot. When a complete fertilizer 
was applied, as was the case with sample 4, the flavor of the resulting juice 
was less pleasing than that of the control. The increase in phosphates in the 
fruit, and the dilution of flavoring substances caused by the high yield, may 
have contributed in part to the change. The flavor constituents of tomatoes 
should be investigated further. 
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TABLE 4 


Flavor evaluation of canned tomato juice with different fertilizer treatment. 
Alameda county, 1956 





Sample | Fertilizer treatment | Flavor rank } 





] .......| control 
(n> fertilizer) 





| (60 Ibs. 





| NH3 
(120 Ibs. N/Acre) 








| control 
(no fertilizer) 


| NH4NO3, TSP, KeSO,4 (120 1 








TSP (120 lbs./acre) 


NS = Not Signifi 


' 


In conclusion, application of fertilizer in tomato production is to be en 
couraged because of the increase in vield and the reduction of production 
costs, although over-fertilization is to be avoided. Because of the variation 
in soil properties and climatic conditions from one field to another, it 1s 
difficult to formulate a fertilizer program that is applicable to all tomato 
fields. Results of this investigation suggest that variations in the quality and 
composition of tomato juice may be traced back to the cultural practices 
Conditions that favor the production of a high-quality final product should 
be the goal of both producers and processors. 


SUMMARY 


The influence of various fertilizers applied to commercially grown toma- 
toes on the quality and composition of canned tomato juice was studied. 
Samples from fertilized plants were somewhat higher in total acidity, and 
samples from plants treated with nitrogen were higher in nitrogenous com 
pounds. Mineral composition of the juice was not affected appreciably by 
the fertilizer application, although phosphorus content was slightly higher 
in the juice from fertilized fruit. Tomato juice flavor was affected to a 
certain degree when fertilizers were used. The juice of highly fertilized 
tomatoes was less acceptable, as evaluated by the ranking test. The control 
sample was generally preferred, and the samples from fertilized plants were 
described as having a more “acid” flavor. Flavor rating of the juice from 
moderately fertilized plants was practically the same as for the untreated 


samples. 
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TOXIN PRODUCTION AND ORGANOLEPTIC BREAKDOWN IN 
VACUUM PACKAGED FRESH MEATS INOCULATED 
WITH CLOSTRIDIUM BOTULINUM * 


R. A. GREENBERG anp J. H. SILLIKER, 
Bacteriology Division, Swift & Company, Chicago, Illinois 
AND 
W. K. NANK anp C. F. SCHMIDT, 


Research and Development Department, Continental Can Company, Inc., Chicago, Illinois 
(Manuscript received May 14, 1958) 


Vacuum packaging of non-processed perishable foods is now a wide- 
spread practice. Although these products are labeled “Keep Under Refrig- 
eration”, the possibility that they might be mishandled by the retailer and 
consumer is ever present. Vacuum packaged fresh meat would seem to 
present an excellent environment for the growth of Clostridium botulinum. 
Thus, the production of toxin in organoleptically acceptable product would 
constitute a serious hazard. On the other hand, if it can be demonstrated 
that toxin formation does not precede the point at which meat becomes 
obviously putrid, the element of danger is greatly diminished. 

Segalove and Dack (5), studying the formation of toxin in rehydrated 
dried beef, pork and ham inoculated with Cl. botulinum, observed obvious 


putrefaction in all of their toxic samples and no abnormal odor in toxin-free 
samples. Several observations of toxicity without overt organoleptic break- 
down have been reported in the literature (2,3,7,9). However, none of 
these dealt with unprocessed meat. 

This paper describes a series of experiments in which rates of toxin 
formation and putrefactive breakdown were studied in fresh meats seeded 
with Cl. botulinum spores and packed under anaerobic conditions. 


MATERIALS AND METHODS 


Spore inoculum. A water suspension was used, containing 1,000,000 spores per ml., con- 
sisting of 100,000 heat shocked spores of each of 5 Type A (62, 73, 78, 12885, 13824) 
and five Type B (32, 113, 213, 12033, 13983) strains of Cl. botulinum. This suspension 
was prepared by the Western Laboratory of the National Canners Association and supplied 
to one of us (Schmidt) for use in another study. 

Meat variables. Comminuted fresh beef and pork were utilized as test materials in 
3 different experimental systems : 

1. Untreated 

2. Ethylene Oxide Treated: The meat was placed in a vacuum jar which was then 
evacuated to 29” of vacuum. Ethylene oxide gas was introduced into the jar until 8” of 
vacuum remained. The apparatus was held 18 hours at 32-36° F., after which all hose 
clamps were opened to admit air into the system. 

3. Irradiated: The test product was packed into saran bags which were then partially 
evacuated, heat sealed, flattened to 1/8 in. thickness and frozen at 0° F. Radiation was 
applied by means of a resonance transformer. Each package received a total exposure of 
approximately 3 megarep. 

Inoculation and packaging. Approximately 10 g. of test materials were packed in 
thermal death time cans taking care to exclude air pockets. The meat was then 

* Presented at the Eighteenth Annual Meeting of the Institute of Food Technologists, 
Chicago, Illinois, May 26, 1958. 
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TABLE 2 
Organoleptic breakdown and toxin formation in inoculated meats at 99° F. 


No. of 


toxic cans 





N : N . Meat condition 
| 


o. of | No. o 
cans tested |hard swells 


0 
0 


Storage time 





Normal 
Normal 
Off 
Putrid 
Putrid 


Pork 0 hrs. 6 | 
4 hrs. 6 
8 hrs. 6 
24 hrs. 6 | 
2 day 3 


r 
hrs. | Normal 
hrs. Normal 





Off 

4 Putrid (Putrid 
2 Off only) 
Putrid 

Putrid 

Putrid 


hrs. 
hrs. 


days 
days 
days 





TABLE 3 
Organoleptic breakdown and toxin formation in inoculated meats at 70° F 


No. of 
toxic cans 








| Storage time — | No. of No. of | . 
| jays | canstested | hardswells | Meat condition 





| - 

)-2 30 0 Normal 0 
5 3 0 Off 0 
9 : 0 Off 0 
| 


Putrid l 


16 3 
3 Putrid 3 





0 Normal 0 

0 Normal 0 

. 0 Off 0 

16 j 0 Off 0 
30 k 3 Putrid 0 





38° F. Incubation. No off-odors, swells or toxins were produced during 30 days of 
incubation at 38° F. 

The data suggested three changes in protocol: 

1. Toxin had been produced some time between the 8th and 24th hour at 99° F. 
Obviously, more intensive coverage of this period was indicated. 

2. Since no organoleptic change or toxin production occurred in the product held at 
38° F., this temperature was not included in subsequent experiments. Eighty-five degrees 
F., considered optimal for Cl. botulinum growth, was added as a temperature variable 

3. The coincidence of organoleptic breakdown in both inoculated and uninoculated 
product raised the question of whether toxin formation had occurred independently of 
product breakdown by the indigenous flora. This prompted the testing of product treated 
to destroy indigenous contaminants prior to addition of the Cl. botulinum inoculum. 


Ethylene Oxide Treated Meat 


Although the Cl. botulinum inoculum concentrations were equal to those used in the 
first experiment (10,000 per gram of meat), germination, growth and toxin production were 
strongly inhibited in the ethylene oxide treated meat. Although putrid swells and toxin 
occurred within 24 hours in the natural product, under the condition of ethylene oxide 
treatment, no swells or toxin could be detected until the 7th day of incubation. Of a total 
of 150 cans of product inoculated and incubated, only 3 became putrid during the course of 
the experiment: two of these contained detectable toxin. Toxin was not found in any of 


the non-putrid samples. 
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The results described above raised an interesting question on the effect of ethylene 
oxide on Cl. botulinum in fresh meat. Either the ethylene oxide absorbed by the meat 
had destroyed the spore inoculum or the meat had been rendered unfit as a germination 
and/or growth substrate for Cl. botulinum. This point was settled by subculturing the 
contents of 36 test cans into tubes of liver extract broth. Following 10-days’ incubation 
at 85° F., these tubes were tested for toxin by the usual mouse inoculation procedure. Of 
a total of 36 cans tested in this manner, only 4 showed viable toxin-producing Cl. botulinum 
spores. These results demonstrated that residual ethylene oxide or its combmation products 
had, in fact, destroyed most of the inoculum. Thus, the low level of spoilage and toxin 
production was attributable to the extremely low level of surviving spores. 


Irradiated Meats 

The low order of positive (toxic) samples in the ethylene oxide experiment demon- 
strated the necessity of utilizing some other technique to destroy the natural meat flora. 
Radiation sterilization was substituted for ethylene oxide perfusion in this experiment. The 
results are presented in Table 4. These data show, as with the untreated and ethylene 
oxide perfused meat, that toxin was found ouly in those samples which had undergone 


obvious putrefaction. 
TABLE 4 


Organoleptic deterioration and toxin production in irradiated fresh pork inoculated 
with Cl. botulinum 








Incubation 
temperature 


No. of 
toxic cans 


. N : Meat condition 


No. o No 
cans tested hard swells 


Storage time 


70° F. 0 hrs. 0 Normal 1 
4 hrs. 0 Normal 
& hrs. 0 Normal 
14 hrs. 0 Normal 
18 hrs. 0 | Normal 

hrs. Normal 0 
hrs. Normal 0 
hrs Normal 0 
hrs Normal 0 
hrs. Normal 0 
day 6 Putrid,6 Normal | 5 (Put. only) 
hrs. Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
3 Norm. 2 Off, 1 Put. 
5 Norm. 1 Off 
3 Norm. 3 Put. 
6 Putrid 
6 Putrid 


aii —-i—-7— Fo 


nn 


Normal 
Normal 
Normal 
t 4 Norm. 1 Off, 
18 hrs. 3 Norm. 1 Off, 
21 hrs ; 3 Norm. 1 Off, 
24 hr ; 1 Off, 5 Put. 
30 hit 6 Putrid 
48 hrs. 6 Putrid 
1 The irradiated meat had a distinctive “‘aged” odor. “Off” refers to meat which showed a sour, 
“fermented” odor and might conceivably be acceptable to a consumer. “Putrid” described those samples 


which were organoleptically repulsive 
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A summation of the results of all three experiments is presented in Table 5. 


TABLE 5 


Summary of data on toxin production and organoleptic unacceptability in anaerobically 
packed fresh meat inoculated with 10,000 Cl. botulinum spores per gram 








Incubation temperature °F. 
Totals 





~ 90 

Putrid Cans ............. 12 17 65 94 
Putrid Cans Toxic | 8 ; 75 
Putrid Cans Not Toxic 4 1 19 


j 


100 


% Toxic and Putrid 
S 20 


Non-Toxic and Putrid! . 
% Toxic Not Putrid 
oi gt oS ; ay 3 
“Off” Cans Toxic ..... 0 


1 The difference between the percentages of non-toxic and putrid containers at 
one 


cannot be considered as significant in view of the small numbers of putrid cans at 7 


DISCUSSION 


When one correlates toxin development with obvious putrefactive degra- 
dation, it can be seen that no single instance of toxicity was observed in a 
product sample which could be considered edible. Table 5 shows that while 
all toxic samples were also putrid, all putrid samples were not necessarily 
toxic. A total of 75 toxic samples were detected. Ninety-four samples, in- 
cluding the 75 toxic ones, were obviously putrid. In addition, the contents of 
38 cans underwent enough bacteriological activity as to be readily identified 
as “off”. These 38 samples are significant only as examples of a “twilight” 
zone of spoilage which might or might not be considered a sign of danger by 
the consumer. None contained detectable toxin. The experimental results 
are, of course, not presented as “absolute proof” that botulinum toxin can- 
not occur in organoleptically sound fresh meat. Tanner (8) and Dack (1), 
pointing out that Cl. botulinum ordinarily causes very offensive decomposi- 
tion in food products, caution that contamination with a non-proteolytic 
strain would constitute a hazard. It should be recalled, however, that fresh 
meats are essentially different from thermally processed products in that 
they normally are contaminated with a wide variety of genera capable of 
anaerobic growth (6). The possibility of non-proteolytic Cl. botulinum or- 
ganisms occurring alone in a package of fresh meat is infinitely small. The 
data show that the nature of the product and the growth characteristics 
of Cl. botulinum combine to build into the system a remarkably efficient safety 
device. This was found to be true in meat containing natural contamination 
as well as in meat largely denuded of its indigenous flora by ethylene oxide 
gas and by ionizing radiation. 


SUMMARY 


Data have been presented upon the rate of toxin formation and putrefac- 
tive breakdown in fresh meats seeded with spores of Cl. botulinum and 
packed under anaerobic conditions. Comminuted pork and beef were util- 
ized both in the natural state and denuded of indigenous contaminating flora 
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by means of ethylene oxide gas perfusion or by the use of ionizing radiations. 
In no case did detectable toxicity develop prior to obvious organoleptic 
putrefactive breakdown. In some instances putrefaction occurred without 
the development of toxicity. In other instaices an “off” or “sour” type of 
organoleptic breakdown o¢curred but in none of these was toxicity detected. 
It appears that the nature of these products -ombined with the characteristics 
of Cl. botulinum form a system which can be remarkably efficient in warning 
the consumer of possible hazard in the event they are grossly mishandled. 
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VARIATIONS IN TENDERNESS WITHIN 
THREE MUSCLES FROM BEEF ROUND®*°”¢ 


BETTY GINGER anv C. EDITH WEIR 
American Meat Instiiute Foundation, 
The University of Chicago, Chicago, Illinois 


(Manuscript received April 15, 1958) 


Designing experiments to study treatment effects upon tenderness in meat 
requires the consideration of several factors. In addition to differences in 
tenderness among animals and among muscles in individual carcasses, there 
is a range in tenderness within the muscles themselves (3, 4, 6, 7, 8,11). The 
effect of muscle location upon tenderness becomes important when steaks 
are allocated to different treatments. 

Several studies have been carried out on location differences in the ribeye 
muscle (4, 8,11) but very few have dealt with variations in the less tender 
muscles from the round (6,8). Because these muscles have larger amounts 
of connective tissue (5) they have a greater need for tenderization. Data on 
variations in shear strength are available for the biceps femoris (8), semi- 
membranosus, and adductor (6) muscles. The biceps femoris increased in 
shear strength from 7.5 to 10.8 pounds from the anterior to the posterior. 
The semimembranosus tested at 10 positions varied significantly in shear val- 
ue and was less tender at the center than the extremities. The adductor 
muscle was tested at 5 positions and did not vary significantly. 

Shear values have been used extensively to indicate the relative tender- 
ness of meat. They do not reflect as small differences, however, as taste panel 
scores, at least not in the /ongissimus dorsi muscle. It is possible, in fact, that 
they reflect only a portion of the changes in tenderness which may occur 
(2,10,11). Recent studies on tenderizing procedures and their effect upon 
the initial tenderness and residue of beef steaks have emphasized the need to 
differentiate among the factors contributing to tenderness. 

A previous report from this laboratory (3) indicated that panel scores for 
initial tenderness in the semimembranosus muscle were greatest at the an- 
terior and decreased gradually throughout the muscle (3). Since that time 
two other muscles from the round have been studied with additional data 
obtained on shear strength and panel evaluations for initial tenderness and 
residue. 

MATERIALS AND METHODS 

Semimembranosus, semitendinosus and biceps femoris muscles were removed from 
U. S. Good beef rounds 48 to 72 hours post-slaughter. The semitendinosus and biceps 
femoris muscles were obtained from the same 4 animals; the semimebranosus muscles 
were from a different group of 6 animals. They were sliced into 34 in. 1 
standard model U. 5S. slicing machine and wr ed in LSAT-300 cellophane 
were then frozen and stored at —10° F. while taste panel evaluations were 


nN 


* Presented at the Eighteenth Annual Meeting of the Institute of Food Techn 
Chicago, Illinois, May 26, 1958. 

» journal paper No. 161 from the American Meat Institute Foundation. 

© The authors wish to acknowlege the assistance of Paul D. Brown, Division of Food 
Technology, American Meat Institute Foundation, in obtaining the shear values in this 
study. 
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Six semitendinosus muscles were sliced into ™% in. thick steaks for freeze-drying *. Dried 
steaks were stored in cans under 15 inches vacuum. They were rehydrated in 2.0% 
sodium chloride solution for 30 minutes immediately before cooking. Frozen steaks were 
thawed for 18 to 22 hours at 40° F. Both fresh and rehydrated steaks were broiled by a 
standard procedure described elsewhere (12). 

Steaks were numbered from the anterior (pelvic) end of the muscles; end steaks not 
large enough to serve a taste panel of 8 were discarded. The semimembranosus pro- 
vided 8 usable steaks, the biceps femoris and semitendinosus each provided eleven. The 
dehydrofrozen semitendinosus muscles provided 15-22 steaks; data on these muscles were 
adjusted to represent 15 similarly located positions. 

Samples for panel evaluation were approximately % x 34 x % in. in size from the 
fresh steaks and 4% x % x % in. from the dehydrofrozen. The panel was comprised of 
8 persons experienced in judging tenderness of meat. The same judges served throughout 
the study and each always received his sample from the same position within each steak. 
Tenderness ratings consisted of 2 parts (10); tenderness which was defined as the initial 
impression of softness and residue which referred to the amount of residual wuaterial 
remaining after chewing. Tenderness and residue rating scales ranged from 1 to 10 
tenderness scores increased with increasing tenderness and residue scores increased as the 
residue diminished except for the dehydrofrozen steaks where residue scores were re- 
versed. Shear strength measurements, using the Warner-Bratzler shear apparatus, were 
made on 5 cores, '%4 in. in diameter, cut parallel to the muscle fibers of the semimembrano- 
sus and biceps femoris muscles. Data were analyzed for over-all variance and individual 


variance due to muscle location (1,9 


RESULTS AND DISCUSSION 


Wide variation in both tenderness and residue scores was noted through 
out the individual muscles (Figures 1, 2). Shear strength values for the 
semimembranosus and biceps femoris muscles (Figures 3,4) followed the 
same trends. Tenderness and residue scores varied inversely, low residue 


scores being associated with low shear strength and greater initial tenderness. 


\ll muscles showed significant location, animal and judge differences 
(Table 1) 


steaks as well as scoring differences among the eight judges on the panel. 


Judge variation included tenderness differences within individual 


1 due to the interaction between judges and locations was significant 
only in the semimembranosus muscle where the judges did not agree upon 
how the tenderness varied among steak locations. An evaluation of the 
judges’ performance in tenderness scoring during the early part of this study 
was reported elsewhere (3). Since the judges were able to reproduce very 
closely their tenderness scores on longitudinally adjacent sections of meat from 
individual steaks, it is possible that a greater difference within each steak in 
relation to its location in the semimembranosus muscle was responsible for 
the significance of the interaction. The semimembranosus muscle also showed 

‘atest steak-to-steak variations (Figures 5,6). These figures were 
obtained by arranging the steaks in ler of decreasing tenderness, 1ncreas- 


ing residue, and shear strength. The more uniform steaks (differences hav- 
ing a lesser significance than P = 0.05) were bracketed. Adjoining steaks in 
the semimembranosus muscle varied significantly (IP? = 0.001) in both ten 
derness and residue between steaks 6 to 9 and 2 to 5. The most abrupt 
changes occurred between steaks 4, 5, and 6, and were least abrupt in the 
posterior portion of the muscle which was less tender and had more residue 
Shear values showed lesser variation, but steaks 2 to 4 


different (P = 0.001). 
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Figure 1. Muscle variation in tenderness. 
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Tenderness and residue differences along the other muscles were smaller. 
The fresh and dehydrofrozen semitendinosus muscles were the most uniform. 
Steaks from the posterior of the fresh muscle (locations 6 through 13) dif 
fered significantly in neither tenderness nor residue. The residue scores for 
dehydrofrozen semutendinosus steaks showed greater variance than did the 
tenderness scores and both displayed a different pattern of variance than in 
the fresh muscles. The anterior portion (locations 2 to 6) of the biceps 
femoris was more uniform than the posterior, but was less tender and had 
more residue. Residue and tenderness differences occurred to a similar 
extent. Adjoining steaks from either the biceps femoris or semitendinosus 
muscles may be compared directly for tenderness or residue. Steaks from 
the anterior half of the biceps femoris or the posterior half of the semitendi- 
nosus may be distributed at random when necessary. 

Shear strength values differed significantly among steaks taken from dif- 
ferent locations in the semimembranosus muscle, but not in the biceps femoris 
(Table 2). Further analysis of the data to compare steak locations ( Figure 
5) indicated that the biceps femoris was quite uniform in shear strength 
while the semimembranosus muscle differed markedly. The panel and shear 
values for the biceps femoris (Figure 4, 5) show similar trends throughout 
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Figure 2. Muscle variation in residue. 
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the length of the muscle, but the panel score variations were more significant. 
This was true also for the semimembranosus muscle (Figure 3,5). Panel 
measurements of tenderness were significant for smaller differences than 
shear strength values. 


SUMMARY 


Panel evaluations for tenderness and residue are reported for the biceps 
femoris, semimembranosus, semitendinosus and dehydrofrozen semitendino- 
sus muscles. Shear strength measurements were made on biceps femoris and 
semimembranosus muscles. 

All the muscles varied significantly in tenderness and residue throughout 
their length. The changes in the biceps femoris and both types of semitendi- 
nosus muscle were less abrupt than in the semimembranosus. The anterior 
half of the biceps femoris and the posterior half of the semitendinosus were 
both quite uniform. Shear strength varied significantly in the semimembra- 
nosus, but not in the biceps femoris muscles. While the shear values reflected 
changes in tenderness and residue scores, they were less sensitive to differences 
within the muscles. The biceps femoris and semitendinosus muscles being 
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more uniform in tenderness and residue than the semimembranosus, were 
more suitable for the study of tenderness treatments. 
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Figure 3. Shear values, residue, and tenderness scores for semimembranosus 
muscles (mean score for 6 animals). 
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Figure 4. Shear values, residue, and tenderness scores for biceps femoris muscles 
(mean score for 4 animals). 
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Figure 5. Variation in tenderness, T, residue, R and shear strength, S (P = 0.05) 
in semimembranosus and biceps femoris muscles. 
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TABLE 2 
_ Analyses of variance in shear values _ 


Muscle 


Sources of | Mean 
variation | squares 





Semimembrancsus Animals (A) , 15.17 *** 
| Locations (L) . 14.29 *** 
| AxL 


| Residual 








Biceps femoris A 7.96 | lao 
- 35 1.04 
AzthL ( 
Residual 


*** Significant at the 
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Separation of eggs into grades on the basis of interior quality in an accu- 
rate, objective and reproducible manner is desirable in market channels. To 
accomplish this separation, the internal condition of the intact hen’s egg 
should be evaluated without shell damage. Methods and principles that could 
be used for the automatic grading of eggs have been investigated as a 
cooperative project with the Poultry Research Branch, Agricultural Research 
Service. These techniques include radio frequency (9), ultrasonics and micro- 
waves (7), light transmission (3), fluorescence (8), and rheology. This discus- 
sion deals with rheology. 

Rheology is the study of flow and deformation of matter (1,5). Rheo- 
logical properties may be characterized as plastic, pseudo-plastic, fluid, con 
sistent, viscous, dilatant, thixotropic, rheopectic or combination effects. The 
rheological properties of Newtonian liquids may be characterized rather easily 
by viscosity measurements. Numerous methods and devices such as the 
Ostwald Viscometer (1,5, 6), falling sphere, aperture and torsion have been 


used to measure viscosity. Egg albumen components, each of a different 
viscosity, are difficult to characterize. Each of the various components of an 
egg could be characterized for their rheological properties or the egg may 
be considered as a unit and its total properties measured. In the study re- 
ported here, only the total characteristics of an egg are considered, since the 
purpose of the study was to develop a means of measuring the albumen 


quality of an intact egg. 

Wilcke (12) measured the combined viscosity of all the components of 
an egg with a torsion pendulum by measuring the damping in pendulum 
oscillations caused by the egg. He determined the correlation of this damp 
ing factor with yolk movement, yolk shadow intensity, percent thin white, 
viscosity of thin white, volume of thin white, and volume of thick white. The 
highest correlation coefficient (only 0.24) was with yolk movement. The 
torsion pendulum type of measurement was analyzed by Atanasoff and 
Wilcke (2) in 1937, but since that time no further effort has been devoted to 
this technique. These workers used only a very limited range of oscillation 
frequency on their torsion pendulum and did not attempt a correlation with 
albumen quality as now defined by Brant, Otte, and Norris (4). The torsion 
pendulum type of measurement still appears to offer the best means of indi 
cating the total visco-elastic properties of an egg. Therefore, a new evalua 
tion of this technique was made. 


MATERIALS AND METHODS 


A torsion tus was constructed using Wilske’s apparatus as a guide 
Provisions we e oscillation frequency from 0.1 to 100 cycles per second 


* Presented wi i: siiteenth Annual Meeting of the Institute of Food Technologists, 


Chicago, May 27, i958 
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(c.p.s.) and to measure the damping factor automatically. Figure 1 is a drawing of the 
torsion pendulum. The pendulum consisted of a light weight metal cage which serves as 
the egg holder and is suspended between equal lengths of steel piano wire. Oscillation 
frequencies were varied by changing the suspension wire length, the moment of inertia or 
both. The adjustable weight distance from the axis of rotation was varied up to 4 inches 
It was necessary to use a suspension wire size that would show the greatest effect by the 
egg damping. For a particular frequency, a wire was selected within the diameter range 
0.010 to 0.050 inch. An oscillation frequency obtained by varying the wire length, the 
moment of inertia, or a combination of these factors yielded the same results. For calibra- 
tion at a given frequency and as a periodic check, a wax-filled glass egg was placed in the 
holder and the frequency determined. 

The damping factor was measured by determining the number of oscillations occurring 
during a rotational angle change from approximately 20 degrees to approximately 10 
degrees. A focused light beam was reflected from the mirror, Figure 2, on the egg holder. 
Rotational motion of the mirror traversed the light beam to a photocell. As the light beam 
traversed the sensing area of the photocell, one count was recorded electronically and the 
total count recorded as the damping factor. This photocell was located in:such position 
as to insure the most accurate counting of the oscillations. To start the system oscillating, 
the cage was moved to the starting position and engaged by the release mechanism. Upon 
release, rotational oscillations of the holder about the suspension axis traversed the light 
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Figure 1. Torsion pendulum arrangement for measuring egg characteristics. The 
egg is held in a rubber-gasketed aluminum framework supported between steel wires. 
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Figure 2. Optical system with collimating slit and focusing lens. Light beam 
traverses the angle between the start position and photocell. 


beam through the angle between the starting position and the photocell. The light beam 
activated the photocell during each oscillation until the “damping effect” reduced the angle 
of rotation to a point where the photocell was not affected. 

The number of oscillations for a given angular displacement is a function of the 
system damping properties. Damping occurs when the direction of rotation of a container 
holding a liquid is suddenly reversed. The finite layers of liquid nearest to the container 
wall change direction, but the liquid away from the wall continues momentarily in the 
original direction. This resistance to change of direction is the damping action which 
decreases the angle of rotation. At a given frequency, it was observed that damping is 
greater for thick or viscous liquids (glycerol) than for less viscous liquids (water). This 
type of damping is absent when solids are rotated in a like manner. Therefore, the number 
of oscillations is greater if a solid is placed in the egg holder and oscillated than when a 
liquid is in the egg holder. 


RESULTS AND DISCUSSION 

Viscosities of water-glycerol solutions were determined with an Ostwald 
Viscometer. These solutions were then placed in a glass egg and the damping 
factor measured. These values were plotted, damping factor vs. viscosity on 
a semi-log scale, Figure 3. Since this technique is reproducible, viscosity of 
a similar solution may be determined easily by relating its damping factor to 
this calibration curve. 

The behavior of eggs oscillated at different frequencies was also studied. 
At various frequencies, 0.2 to 30.0 c.p.s., plots were made for damping factur 
vs. Haugh units (egg grade based on the “broken-out” albumen quality ). 
The slope of the regression line changed from negative to positive values at 
approximately one cycle per second. A frequency between two and three 
c.p.s. resulted in the best correlation between damping factor and quality. 
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Figure 3. Viscosity calibration curve obtained with glycerol-water solutions in 
a glass egg. 


Negligible effect on the damping factor was contributed by shape and posi- 
tioning of the egg in the holder. Egg weight, however, had considerable effect. 
Therefore, a correction curve relating damping factor to egg weight was 
plotted, Figure 4. This plot indicates that, for each egg, a proportionate value 
should be subtracted from the damping factor if the weight is less than 20 
ounces per dozen or a proportionate value added if the weight is greater than 
20 ounces per dozen. 

A Haugh unit vs. damping factor correlation for 318 eggs produced a 
coefficient r = 0.74 and a regression equation y = 9.35 + 0.144 X, Figure 5. 
The damping factor for this group of eggs was measured at 2.6 c.p.s. using 
two lengths of suspension wire 11.5 inches long with a diameter of 0.029 inch. 
It may be noted from Figure 5 that the damping factor for eggs of the same 
Haugh unit values (corrected for weight difference) are inconsistent. Factors 
that appeared to contribute to this inconsistency were temperature, air cell 
size, egg shape, yolk size, yolk location, yolk sticking and amount of albumen 
remaining in the shell. Evaluation of these factors failed to explain this 
variation. 

It has been reported that eggs produced by the same hen have consistently 
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Figure 4. Variation of damping factor with egg weight. 
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Figure 5. Scatter diagram for eggs varying in albumen quality. 
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similar interior quality, shell quality, shape, and interior characteristics. 
Therefore, it was decided to investigate whether damping factor of eggs 
from the same hen was also consistent. The breakout scores of eggs from 
a group of hens were recorded. On this known history basis, a number of 
hens were selected so that eggs of different albumen qualities were repre- 
sented. The damping factor for each egg from these hens was recorded at 
the age of one day. The eggs were refrigerated for 7 days. At this time, the 
damping factor was measured again and the breakout quality recorded in 
Haugh units. Even though the quality of eggs from the same hen was con- 
sistent, the damping factor for 1-day-old eggs varied as much as 22% 
between eggs from the same hen laid on consecutive days, Figure 6. This 
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Figure 6. Variation of damping factor characteristics for eggs from the same 
hen. 


variation in damping factor was much greater on the 8-day-old-eggs, but this 
I » z - 


may be the result of stuck yolks in some of the eggs. 


CONCLUSIONS 
The torsion pendulum provides a means of making simple and repro 
ducible measurements of viscosity. It can be calibrated for a desired fre 
quency, the calibration maintained or it can be varied easily. These studies 


y 


indicate that although this technique can be used to separate low quality eggs 
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from those of high quality, it is not sufficiently accurate for purposes of 
grading eggs. Results of the glycerol viscosity determinations indicate that 
there may be a use for this type of device as a laboratory tool. 
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The sub-sieve particle size distribution of pulverized sugars has long 
interested many manufacturers and users of pulverized sugars. Lack of a 
practical method for determining this distribution has hindered, unfortunately, 
possible product developments that might otherwise have occurred. Likewise, 
knowledge of the size distribution in the sub-sieve ramge may influence 
economies in equipment design and in control of processing operations. Such 
knowledge may be of value in determining the commercial utilization of the 
product. It is well known, for example, that pulverized sugar particles 
measuring 45 » or larger impart a gritty texture in cream candies and icings. 

Today, as well as historically, the primary method used for size analysis 
for sugars is the standard screen analysis (3). In a screen analysis the 
sugar sample is put through a number of sieves of successively smaller mesh 


size. The weight fraction which passes one sieve and is retained on the 
next smaller size is determined. The impracticality of obtaining satisfactory 
results with sieves of very small openings has limited screen analyses to 
particles of 44, or larger. Interestingly enough, the largest fraction of all 


commercially available pulverized sugars lies in the sub-sieve range. 

The present investigation was undertaken to develop a relatively simple 
and accurate method whereby particle size distributions of pulverized sugars 
could be determined in the sub-sieve range. Although several methods are 
available for sub-sieve particle size measurements, they are either very tedious, 
specialized, or require elaborate equipment (5, 6,8). The Andreasen pipette 
sedimentation method was selected for this work as it is capable of yielding 
accurate results and requires rather inexpensive, simple apparatus (1, 2, 4, 7, 
9). Sedimentation methods, in general, have proven very satisfactory on 
many water insoluble materials such as plastics, coal, clay, starches, cements, 
powdered metals, insecticides, and ground minerals, where water is used as 
the suspending medium. However, the sedimentation principle has seldom 
been used on anything as water soluble as sugar, where the presence of any 
water would be a definite hindrance to the analysis. 

In the sedimentation method, it is necessary to begin with a homogeneous 
mixture of sugar particles and a liquid medium. The concentration of par- 
ticles in the medium will decrease with time at any fixed depth below the 
surface. In the proposed method the particle concentration in a 10 ml. aliquot, 
approximately 20 cm. below the surface of the suspension, is periodically 
determined. This concentration becomes a calculable function of particle 
size in Stokes’ Law and the Andreasen pipette apparatus shown in Figure 1 
is used to determine this concentration.” The cylinder portion (capacity, ap- 

* Presented at the Eighteenth Annual Meeting of the Institute of Food Technologists, 
Chicago, May 26, 1958. 
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Figure 1. Andreasen pipette assembly for particle size distribution measurements. 


proximately 550 ml.) is calibrated in centimeters from the point at which 
all samples are withdrawn to the starting solution level near the top of the 
cylinder. The pipette has a bulb capacity of 10 ml. A capillary stem extends 
down to the zero calibration mark on the cylinder. 


MATERIALS AND METHODS 
Isopropyl alcohol. Since even the slight moisture content of commercial isopropyl 
alcohol appeared to influence the degree of agglomeration of sugar particles in the dis- 


> Obtainable from Scientific Glass Apparatus Co., Inc., Bloomfield, New Jersey. 
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persion medium, all isopropyl alcohol used for this purpose was redistilled over calctum 


OX11¢€ 

Dispersion medium. About 5 g. of granulated sugar and 5 ml. of dispersing agent 
(Twitchell 8240)° are added to approximately 2'% liters of freshly distilled isopropyl 
alcohol. This dispersion medium is placed in a stoppered bottle and mixed intermittent 
during a one-hour interval to insure saturation with sucrose. It can be stored indefinitely 
in this condition and is filtered through Whatman No. 1 filter paper just prior to use. 


PROCEDURE 


a. The tare weight of several aluminum weighing dishes is determined. The number 
of dishes will depend on the number of size fractions to be determined 
b. Approximatel of the pulverized sugar for which the particle size d 
is required is weighed ot This sugar and roughly 300 ml. of dispersion medium are 
placed in a milks 1 mixed for 15-20 minutes 
rhis suspension is then transferred to an Andreasen cylinder. The mixer cup is 
persion medium and added to the cylinder. The level of 
ht to the 20 cm. mark with additional dispersion 


istribution 


} tT 


1 
ake I mixer cup ne 


woith mall , 
vi smati 


the cylinder containing the suspension 
for ast one minute by repeated inversion of 

pon stopping, the suspension lrawn up into the pipette and 
exactly the mark on the pi No more than 15 seconds 
time mixing topped until tl is adjusted to the 10 ml 


the pipette. Al culations are based on this zero time sample and, 


‘ffort is made in i w the sample very accurately. 


” a : - 
i to the position where the 10 ml. aliquot 
Andreasen pipette is then rinsed with 5 ml 
isopropyl alcohol with this rinse material being collected in the same 
Andreasen pipette is then rinsed with a second portion of regular isopropyl 
drain dried for a few minutes 
stopcock is again closed, the pipette is placed in the cylinder, and the contents 
are again mixed by repeated inversion of the cylinder for one minute. As soon as the 
mixing process is stopped, the cylinder is set down and a stopwatch is started 
g. The level of the suspension is read off of the graduated cylinder and recorded 
h. After settling for a definite time interval, which will depend on the size distribution 
is desired, another 10 ml. sample is removed as described previously. This sample 
discharged int ther tared aluminum dish followed by a 5 ml. regular isopropyl 
Icohol wash 1¢ Andreasen pipette. Without removing the Andreasen pipetic from 
cylinder, the stopcock is turned to the position where the suspension remaining in the 
capillary portion of the pipette drains back into the cylinder. 
i. Step g and h are repeated at different time intervals 


j. For a blank determination, 10 ml. of dispersion medium is transferred to a tared 


aluminum dish, using the Andreasen pipette, followed by a 5 ml. regular isopropyl alcohol 
wash. 
k. The alcohol is evaporated from all the aluminum dishes. After allowing the dishes 


to equilibrate to room temperature, they are weighed and the particle size distribution is 


calculated. 


CALCULATIONS 


Like other particle size methods based on sedimentation, the present one depends on 
Stokes’ Law which, in effect, states t small spheres falling freely through a suitable 
nedium maintain a velocity which is proportional to the square of their diameter. Although 
pulverized sugar particles are not small spheres, satisfactory approximations are obtained 
using Stokes’ Law 

3h n 107 


(pi —p2) gt 


Avalable from Em idustries, Inc., Cincinnati 





depth at which sample is taken (cm.) 
viscosity of dispersion medium at 25° C. (0.02066 poises) (determined with Ostwald 
Viscosimeter ) 
density of solid material, i.e., sucrose (1.5877 g./cc.) 
pe density of dispersion medium at 25° C (0.7860 g./cc.) (determined with pycnometer ) 
g acceleration due to gravity (980 cm./sec.*) 
d = largest particle diameter in any aliquot of the settling suspension (microns) 
t time of settling (minutes) 
Since n, pi, pz and g are constants for this particular determination, the equation can be 


simplified to: 
(3) (0.02066) (107) (h) 788.9h 





d2 
(1.5877-0.7860) (980) (t) 


Determination of largest particles 
in an isolated fraction 


The level in the Andreasen cylinder at which all samples are taken is fixed, but the 
height (h) of the suspending medium above this level varies as each succeeding sample is 
removed. After any particular time of settling (t), the largest particle diameter (d) that 
has not passed the level at which the sample is removed can thus be calculated. 

Example No. 1: After 10 minutes settling, all particles larger than du will have settled 
a distance of 20.3 cm, or more (see Table 2) 


d= (788.9) (20.3) = 40 microns 


oe oe 


Percentage by weight of particles 
finer than the calculated fraction size = 


Weight of sugar in suspension at time t 
— —— x 100 


Weight of sugar in suspension at time o 





Example No. 1: Percentage by weight of particles finer than 40 microns = 
93.6 
—— X 100 = 84.2% 
111.1 


(see Table 2) 


RESULTS AND DISCUSSION 


The accuracy and reliability of the sedimentation method depend upon the adequacy 
of the dispersion. Some investigators have commented that proper dispersion is more 
important than the method, equipment or technique used in conducting the analysis proper 
If the powder is partly agglomerated, it will appear to be too coarse; whereas if the 
suspension is too concentrated, the coarse particles will tend to carry down the finer 
particles with them and a distorted sedimentation curve will be produced. It was found 
that approximately a 1.5% pulverized sugar suspension was optimum for this determination 

Production of a good dispersion of pulverized sugar in a suitable medium was of pri- 
mary importance. Many different media have been employed for different powders although 
aqueous media are generally preferred owing to their ease of handling and evaporation 
A suitable medium is one which (a) wets the sample readily but does not dissolve it, 
and (b) has a density and viscosity such that an analysis can be completed in a reasonable 
length of time. It is usual to add a low concentration of dispersing agent to prevent re- 
agglomeration or flocculation of the suspended material once the particles are dispersed 
Unfortunately, the choice of a suitable medium and dispersing agent is a matter of trial 
and error, and many are very specific in their action. 

In this investigation, a number of materials were tested for use as suspension media 
and dispersing agents. They are shown in Table I. 





DISTRIBUTION OF PULVERIZED SUGAR 


TABLE 1 


Suspension media and dispersing agents tried in developing the proposed 
sedimentation method for particle size analysis 


Dispersing agents 


Suspension media 


Methyl, ethyl, isopropyl, Sodium pyrophosphate 
Buty! and octyl! alcohols Oronite D-40 
Ether Oronite NI-W 
Acetone Diallyl phthalate 
Kerosene \quawet 
Mineral oil Sulfamic acid 
Glycerol Sodium oleate 
rbon tetrachloride Tween 20, 80 
an 20, 80, 85 
G-8916 P (Atlas Powder) 
Twitchell 8240 


Srp 


us concentrations and combinations with pulverized sugar, and 


xamined micré pically see if complete dispersions resulted 
lispersion medium found for 1 in determining the particle size dis 
1 sugar consisted of isopropyl al 1 saturated with sucrose and 
f vichell 8240 
s for a typical particle size distribution analysis, as determined 
y this sedimentation technique, on one type of pulverized sugar are shown 
in Table 2 
Another wav of indicating these results is shown in Table 3. 
Excellent reproducibility of the method is demonstrated in Table 4 where 
ize determinations were made on one sample on 4 successive days 


1 
particle s 
al if 
I 


The particle size distribution of pulverized sugars containing up to 8% 


starch, as well as starch-free samples, have been successfully analyzed. 


TABLE 2 
Particle size distribution data for one type of pulverized sugar 


( 


of 
40 
32 
26 
21 


16 


FE 


TABLE 3 
Particle size distribution for one type of pulverized 


Particle size range (microns) Per cent distr 


over 56 
56 to 40 
40 32 


20 
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TABLE 4 
Reproducibility of method for one type of pulverized sugar 








Per cent distribution for determination 


Particle size 
range (microns) 
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over 40 
40 to 32 
32 to 26 
26 to 21 


under 21 


naa 
eo 


ak 
4 
=e 


we 
i 


| 
| 





Accurate calibration of the method is very difficult, particularly if stand- 
ard pulverized sugar samples of known particle size distribution are not 
available. However, a one point check was made between the material pass- 
ing through a 325 mesh screen (44) and the results obtained by the pro- 
posed sedimentation method. Excellent comparisons were obtained and are 
shown in Table 5. 

TABLE 5 
Comparison of the screen and sedimentation methods on various pulverized sugars 





3 - 9 10 





Test sugars 1 2 3 





By screening 
% under 44 microns! 85.6 84.0 86.2 85.2 840 862 880 87 74.9 978 


j——— 


By sedimentation | 
% under 40 microns! 85.6 2.8 83.9 842 81.9 845 90.7 845 745 97.0 








Another attempt at calibration was made by taking photomicrographs of 
isolated fractions after different elapsed settling times. The size of the 
largest particles in any one fraction were found to be very close to the cal 
culated figures. It indicated that the sedimentation methed was quite accurate 
down to 16 n. 

SUMMARY AND CONCLUSIONS 


The Andreasen pipette sedimentation method for determiniig particle 
size distribution in the sub-sieve range has been adapted for use on pulverized 
sugars. The critical dispersion medium developed for this method consists 
of isopropyl alcohol saturated with sucrose and containing 0.2% of a 
dispersing agent (Twitchell 8240). 

The procedure described gives accurate and reproducible results when 
determining the particle size distribution of pulverized sugar in the 16 micron 
diameter and larger size range. 

Starch-free pulverized sugars, as well as pulverized sugars containing up 
to 8% starch, have been successfully analyzed. 
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EXPLORATORY RAT AND CHICK BIOASSAYS OF SCALES 
FROM OCEAN PERCH AND HERRING AS ANIMAL FEED * 


N. I. LEMACK,” G. E. LIVINGSTON, L. R. PARKINSON,* anv C. R. FELLERS * 
Department of Food Technology 
D. L. ANDERSON 


Department of Poultry Husbandry 
University of Massachusetts, Amherst, Massachusetts 


(Manuscript received April 10, 1958) 


Fish scales are a by-product of the fish packing industry and frequently 
create a waste disposal problem. The scales of some species are utilized for 
the extraction of pearl essence or the manufacture of fire-blanketing foams, 
but these uses are of small significance, and, in the case of the pearl essence 
extraction, fail to solve the disposal problem since only the guanine on the 
scales is used in this operation. In fish filleting plants, scales are removed 
from the fish by mechanical scalers and are washed away by jets of water, 
often finding their way into harbors where they settle to the bottom. They 
are not readily decomposed in water, and can accumulate to give rise to a 
state of pollution with attending problems of harbor clogging and production 
of objectionable odors. 


The possibility of drying scales to manufacture them into feed for poultry, 
similarly to other fish wastes, has, of course, been given consideration by 
the industry in the past. Among the reasons cited for the common rejection 
of this practice, are: 1) the undesirable drying characteristics of fish scales, 
which tend to adhere to the walls of fish meal drying tunnels, 2) the abrasive- 
ness of the dried scales which causes excessive wear on the grinding machinery, 
and 3) the lack of knowledge pertaining to the nutritive value of fish scales 


as animal feed. 

It was the purpose of this investigation to determine whether or not a 
practical means could be found of utilizing fish scales in the manufacture of 
animal feed and to determine whether the resulting product could be fed to 
animals. Scales of the ocean perch (Sebastes marinus) and the Atlantic 
herring (Clupea harengus) were used in this research. 


EXPERIMENTAL 


In order to overcome the above-mentioned objections regarding the behavior of fish 
scales in drying and grinding operations, 2 possible methods of altering the undesirable 
physical properties of fish scales were considered. The first involved the breakdown of 
scales by chemical or enzymatic hydrolysis to yield a sludge capable of being dried and 


* Contribution No. 1125 of the University of Massachusetts College of Agriculture 
Experiment Station, Amherst, Mass. Based upon a thesis submitted by N. I. Lemack in 
partial fulfillment of the requirements for the M.S. degree. The research reported in this 
paper was conducted by the University of Massachusetts under a contract with the U. S. 
Fish and Wildlife Service. It was financed by funds made available under provisions of 
Public Law 466, 83rd Congress, approved July 1, 1954, generally termed the Saltonstall- 
Kennedy Act. 

» Present address: 80 Garnet Road, West Roxbury, Mass. 

© Present address: 171 Lincoln Avenue, Amherst, Mass. 

* Retired, present address: 52 Fearing Street, Amherst, Mass. 


684 





SCALES FROM PERCH AND HERRING AS ANIMAL FEEDING 685 


ground into a powder, and the second, the admixture of scales with other fish wastes and 
reduction to meal by conventional means. 

Scales. Ocean perch scales discarded by filleting plants were collected in Gloucester, 
Mass. and dried the next day in Amherst, Mass. Herring scales, free of guanine, were 
collected and dried in a pearl essence plant located in Eastport, Maine, and shipped dry 
to Amherst. In both instances the drying temperatures were about 60° C. 

Hydrolysis. Acid, alkaline and enzymatic hydrolyses of the scales were studied, the 
extent of hydrolysis being measured by reduction in insoluble solids content pursuant to 


treatment. Treatment with various concentrations of H-SO, or NaOH, using a number 


TABLE 1 


Analysis of ocean perch scale hydrolysate, ocean perch scales, and herring 
scales used in feeding experiments 


Ocean Perch Herring 


mstituent 
Hydrolysate Scale Scales 


Moisture (% ) 1.8 : 0.5 

Protein (6.25 * % N) 34.0 4 71.6 

Fat (% ether extract ) 0.5 

Ash (%) 60.1 ; 27.4 

10.5 ? 90 

Phosphorus ( 5.5 ; 5.1 

Potassium ( % ) 0.17 0.07 
Sodium (% ) 1.2 
Sodium chloride (% )* 3.05 

Riboflavin (mg./100 g.) 0.177 

0.002 0.044 


Calcium (9%) 


Cyanocobalamin (ug./g.) 


Calculated 


of different fish scale to water ratios, yielded from 47.6% hydrolysis (using NaOH to 
give a pH of 9.7, and a 1:50 fish scale to water ratio 57.8°¢ hydrolysis (using 10% 
NaOH, with a 1:50 ratio) or 57.2% hydrolysis (when $ H:SO,, with a 1:50 ratio, 
was used) 

Hydrolysis of the scales in a 0.48% pepsin solution at a 10% fish scale solids level, 


and a pH of 1.0 to 2.0, gave 98% hydrolysis or better, after incubation for about 20 hours 


at 37° ¢ 

Since the fish scale-water mixture had to be acidified prior to the pepsin hydrolysis, 
it became desirable to neutralize the hydrolyzate prior to drying it. Acidified or partially 
neutralized hydrolysate showed poor drying characteristics, and possessed a very strong 
and unpleasant odor. All hydrolyzates used in the feeding experiments were therefore 
fully neutralized with NaOH. They were dried down by first boiling off the bulk of the 
water by open kettle heating, and then removing the remainder of the water by drying in 
a dehydrator at about 60° C. The dried hydrolysate was ground in a hammer mill prior 
to use.* 

Chemical and microbiological assays. Determinations for moisture, protein, fat, ash, 
calcium, phosphorus, potassium, sodium, riboflavin (Vitamin B:) and cyanocobalamin 
(Vitamin B..), were carried out by the appropriate chemical or microbiological methods 
described in the Official Methods of Analysis of the Association of Official Agricultural 
Chemists (1). 

Rat bioassays. Wistar strain albino rats, raised in the animal nutrition laboratories 
of the Food Technology Department, were used in these assays 

In the first series, 3 diets were used (Table 2). The control diet had casein as the 
sole source of protein; one experimental diet had neutralized, dried and ground ocean 
perch hydrolysate as the sole source of protein; and the second experimental diet had 

* Further details on hydrolysis experiments are given in a report on “Chemical and 
Enzymatic Hydrolysis of Fish Scales,” published in Commercial Fisheries Review, 20 


No. 8, 1-3 (1958). 
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DAYS ON DIET 


Figure 1. Weight changes in white albino rats fed dried ocean perch scales (curve 2), 
dried, pepsin-hydrolyzed, ocean perch scales (curve 3), and control diet (curve 1). 


dried, ground (untreated) ocean perch scales as the sole source of protein. All diets 
were designed to be nutritionally complete (except for protein in experimental diets) 
and isocaloric, with a calculated protein level of 9%. Three groups of 14 rats each 
were used in this assay which was conducted for 42 days. Biological evaluation of these 
diets was carried out according to the paired-feeding technique of Mitchell and Beadles 
(2). Results of this assay are shown in Figure 1. 

In the 2nd series of rat tests, the control diet consisted of commercial steam-dried fis! 
meal‘ as the sole source of protein; the experimental diets contained fish meal to the 
extent of 70% of the protein supply, with either ocean perch or herring scales contributing 
the remaining 30%. All diets were devised to be nutritionally complete (except for protein 
in experimental diets) and isocaloric, and provided a protein level of 10%. Three groups 
of 6 rats each were used in this assay which lasted 42 days. A 3rd series of tests was 
conducted using 90:10 fish meal-fish scale ratio. Results obtained in both these series 
are summarized graphically in Figure 2. 

Chick bioassay. ‘)ne-day-old male broiler chicks from a nearby commercial hatchery 
were fed 2 control and 4 experimental diets. Control diets consisted ot 1) a ration in 
which soybean meal served as the main source of protein, and 2) a ration in which fish 
meal served as the main source of protein. The experimental diets comprised rations 
made up using the following approximate fish meal-fish scale ratios: 75:25, fish meal 


*‘ Manufactured by the Gloucester By-Products Corp., Gloucester, Mass. 
) - I 
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ocean perch scales (fish meal constituting 75% of the dietary protein, with ocean perch 
© .28 


scales constituting the remaining 25%), 2) 50:50, fish meal-ocean perch scales, 3) 75:25, 
fish meal-herring scales, and 4) 50:50 fish meal-herring scales. All diets were nutritionally 
complete (except for protein in experimental diets) and had a calculated protein content 
of 15%. The exact composition of the rations is shown in Tables 3 and 4. 

Replicate groups of 16 birds each were randomly assigned to treatment and were 
reared for the 3-week experimental period in electrically heated battery brooders with 
raised wire floors. Feed and water were supplied ad libitum. Chicks were weighed in 
groups, and weight gain was expressed in terms of average gain per chick. Resulting 
data are graphically presented in Figure 3. 


RESULTS AND DISCUSSION 


Results obtained in the first rat bioassay (Figure 1) indicate that both 
the hydrolysate and the raw ocean perch scales, as used, constituted inadequate 
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DAYS ON DIET 
Figure 2. Weight changes in white albino rats on fish meal-fish scale diets: 
Curve 1: Fish meal control for 10% fish scale diet 
Fish meal-ocean perch scales (90:10) 
Fish meal-herring scales (90:10) 
Curve 2: Fish meal control for 30% fish scale diet 
Curve 3: Fish meal-herring scales (70:30) 
Curve 4: Fish meal-ocean perch scales (70:30) 
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TABLE 3 


Basal diet premix for chick feeding tests 


uw 


UG Ww GW & fo bo 


Cerelose ’ 

Stabilized animal fat 

Solka Floc? 

Brewers dried yeast 

Dried whey product 

Corn distillers’ dried solubles 
Alfalfa meal (17% ) 

Calcite flour 

Manganese sulfate (70% ) 
lodized salt 

Choline chloride-dry (25% ) 
Dry vitamin A (10,000 1L.U.) 
(3,000 1.C.1 


oo 


Vitamin mi 
A 


a-tocophery! aceta ‘ 


sources of protein for the sustenance of life. It will be noted that rats on 
both experimental diets never gained weight, but that rats on the control 
diet did gain weight, lost it, then gained it again. It may also be noted that 
the second weight gain in the controls coincides with the less severe losing 
of weight by the rats on the raw fish scale diet. These variations were due 
to the fact that amounts of the various rations for all the rats were kept equal. 
When the rats on the hydrolysate diet had all died, they were no longer 
restricting the supply of food to the rats on the other two diets. It was 
evident that the scales had been altered unfavorably in the course of hydrol- 


ysis, and therefore the hydrolysate was no longer considered worthy of further 


experimentation. This conclusion was, of course, supported by the results of 
total protein and Vitamin By» analyses on the scales and hydrolysate 


TABLE 4 


Design of experimental rations for chick feeding tests 


Fish meal Fish meal 
Ocean Perch | Ocean Perch 


h meal 


Basal diet premix 
Cerelose 
Dicalcium phosphate 
Fish meal (60% ) 
Ocean perch scales 
Herring scales 
Soybean meal (44% ) 
lodized salt 
Calculated protein (% 
Kjeldahl protein ( % ) 
i Added to bring prot 


exbeu 
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Figure 3. Weight changes in chicks on fish meal-fish scale, and control diets: 
Curve 1: Fish meal-ocean perch scales (75:25) 
Fish meal-herring scales (75:25) 
Curve 2: Fish meal control 
Curve 3: Soybean control 
Curve 4: Fish meal-herring scales (50:50) 
Curve 5: Fish meal-ocean perch scales (50:50) 
Results obtained in the second rat bioassay (Figure 2) indicated that 
fish scales, either from ocean perch or from herring, when added to fish 
meal in quantities such as to represent 10% of the meal protein, under the 


experimental conditions used, showed no evidence of any adverse effects on 
the growth value of the meal. This is apparent from Figure 2 where it is seen 


that a single line represents the weight gain of all the rats on three diets in 


this assay. 

The third rat bioassay was designed to investigate the effect of increasing 
the fish scales content of the fish meal. It is noted (Figure 2) that addition 
of herring scales to fish meal, such as to comprise 30% of the meal protein, 
seerned to have a slight adverse effect on the nutritive value of the meal, 
while a similar addition of ocean perch scales showed a still greater effect. 
Statistical analysis by Student’s “t” test (3), however, showed that there was 
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no significant difference (at the 5% level) between the weight gain of the 
controls and the rats on the 70:30, fish meal: herring scale diet. It did 
indicate a significant difference between the controls and the rats on the 
70 :30, fish meal: ocean perch scale diet, in favor of the control diet. Since 
the second bioassay had shown that ocean perch scales could be added to the 
extent of 10% of the meal protein, without adverse effect, it would appear that 
the maximum amount of ocean perch scales which might safely be added to 
fish meal, under the conditions studied, lies somewhere between 10% and 
30% of the meal protein. The better performance of the herring scales as 
compared to the ocean perch scales (Figure 2) is probably related to the 
higher “protein” content of the former (Table 1). 

Results of the chick bioassays, illustrated in Figure 3, were also treated 
by statistical analysis, using an analysis of variance and Tukey's test of 
significance of difference between any two means (4). It was determined 
that there was no significant difference (at the:5% level) between the growth 
rates of the chicks on the control diets, and those of the chicks on either the 
75:25 fish meal-ocean perch scale diet or the 75:25 fish meal-herring scale 
diet. There was, however, a significant difference between the rates of growth 
of the animals on the control diets and those on either of the 50:50 fish 
meal-fish scale rations. 

CONCLUSIONS 


Neither the dried, untreated, ocean perch scales nor the dried, pepsin- 


hydrolyzed, ocean perch scales proved capable of sustaming life in white 


albino rats. When used in combination with commercial fish meal, with the 
fish scales contributing 10% of the protein in the diet, either ocean perch 
scales or herring scales could be used without adversely affecting the growth 
rates of the rats. When used at the level of 30% of the ration protein, herring 
scales were found to show no adverse effect, while ocean perch scale did 
reduce the growth rates of the rats on the experimental diet. Thus, under 
the experimental conditions used, the maximum safe level of addition of fish 
scales to tish meal seemed to le between 10% and 307 of the diet protein 
for ocean perch scales, and at or above 30° for herring scales. 

When fed to one-day-old chicks, neither ocean perch nor herring scales, 
used in combination with fish meal to the extent of 250 of the protein 
content of the diet, showed any adverse effect on the growth rate of the 
test animals to three weeks. 

Replacing 50° of fish meal protein with 50 of either ocean perch or 
herring scale protein markedly reduced growth. Additional studies designed 
to include a measure of the effect of fish scales on feed efficiency would be 
desirable 

Results of these studies appear to indicate that, since the scales constitute 
only about 1°% of the weight of ocean perch, and heads, bones and tails con- 
stitute about 75% of the weight of the fish, the inclusion of scales in the 
other wastes in the proportion in which they natuPAlfy occur prior to the 
reduction of the wastes to fish meal, would not result in a lowering of the 
growth value of the resulting product for animal feed usage. In the case of 
waste herring scales from pearl essence operations, the addition of scales 
to other herring wastes might also be feasible, providing careful proportion- 


ng 1s practiced 
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Further feeding tests and the approval of federal and state regulatory 
agencies concerned with feed control would certainly be required before 
any such addition should be undertaken in commercial practice. 
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ON THE ACTION OF PURIFIED 
“TOMATO POLYGALACTURONASE” 


D. S. PATEL ann H. J. PHAFF 


Department of Food Technology, University of California, Davis 


All of the recent investigations of “tomato polygalacturonase” were done 
with fairly crude preparations (4,6). Such studies have shown that these 
enzyme preparations cause a random hydrolysis of pectic acid to p-galactur- 
onic acid. If the initial reaction velocity with pectic acid is taken as 100, 
those with tetra-, tri- and digalacturonic acids are, respectively, about 7.0, 
1.58 and 1.05 (4). “Tomato PG” has been reported to have an optimum pH 
of 4.5 with pectic acid as the substrate (5). 

Tomato PG was purified, after extraction of tomato pulp with NaCl, by 
adsorption on calcium phosphate gel followed by elution and fractionation of 
the eluate with (NH, )2SO, between 0.5 and 0.9 saturation (8). The purified, 
water soluble enzyme had a specific activity of 5.8 x 10% PG u per mg. 
protein (1 unit of activity releases 1 mM of reducing groups per min. at pH 
5.0 from a 0.5% pectic acid solution) and still carried out a random type 
hydrolosis of pectic acid to D-galacturonic acid. 

Since yeast endo-polygalacturonase, which has been shown to be a single 
enzyme (9), has an optimum pH of 4.5 on pectic acid, but that of 3.5 when 
acting on tetragalacturonic acid (2), the optimum pH of tomato PG was 
determined on various oligo-uronides. It was found that the hydrolysis rates 
of tri- and tetragalacturonic acids exhibited two peaks at pH 3.5 and at 4.5. 
The hydrolysis of digalacturonic acid showed a single optimum at pH 4.5 
Paper chromatographic analysis of the hydrolysis products of tetragalactu- 
ronic acid at pH 3.0, 3.5, 4.5 and 5.0 showed similar patterns, indicating that 
the type of activities at the two pH optima are similar. There is a preferred 
Splitting 


1g 
lent 


(3 +1) split during the very early stages of enzymic hydrolysis. 


of the central bond of tetregalacturonic acid, ‘however, soon becomes eviden 


and occurs at a somew! rate than the (3 + 1) cleavage 


The activity of tomato PG was also tested on oligouronides in which the 
ial galacturonic acid unit was reduced to L-galactonolactone or oxidized 
nucie acid lactone. When the substrate was either one of the two deriva- 

tetragalacturonic acid, the inigal reaction consisted solely of a 
cleavage of the central bond. The rate was roughly the same at pH 3.5 and 
at pH 4.5, but was slower than the rate of hydrolysis of tetragalacturonic 
acid. The two modifications of trigalacturonic acid were attacked much 
more slowly than the modified tetramers and only at the linkage farthest 
removed from the modified end-group. The digalacturonic acid derivatives 
were not attacked. From these experiments it was concluded that tomato 
I%; hydrolyzes oligouronides preferentially at the first glycosidic bond 
adjacent to the reducing end-group. The central bond is hydrolyzed more 
slowly, and hydrolysis at the bond adjacent to the non-reducing end is so 
slow that it is obscured by the more rapid reactions at bonds 1 and 2. An 


end-group splitting a-galacturonidase is apparently not present since the 
modified dimers were immune to attack. Such an enzyme has been found 
in mold polygalacturonase preparations (1,7). Attempts to separate or 
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enrich one of the activities with optima at pH 3.5 or 4.5 were not successful. 
When the ratio of the activity at pH 3.5/ activity at pH 4.5 was determined 
in various fractions during the purification procedure, after heating, treat- 
ment with alkali, acid, or passage over ion exchange resin, the values varied 
between 1.10 and 1.29 without showing a trend of separating the two activi 


ties. 

In view of the double pH optima observed with oligouronides, tomato 
PG was also tested on an acid soluble pectic acid (7) with an average degree 
of polymerization of 14. An optimum pH at 4.5, reported by McColloch and 
Kertesz (5), was confirmed, but in addition a second optimum at pH 2.5 was 
discovered. Such experiments are not possible with pectate of high molecular 
weight (as used by previous workers), since it precipitates at low pH values. 
The overall results indicate that the tomato PG preparation used contains 
at least two endo- PG components which are very similar in their properties 
but distinct from the previously described endopolygalacturonase from yeast 
(3). The hypothesis best supported by the experimental evidence indicates 
that one enzyme hydrolyzes pectic acid by a random mechanism at pH 4.5 to 
galacturonic acid. The other enzyme also catalyzes random splitting of pectic 
acid, presumably at an optimum pH of 2.5, but it hydrolyzes the oligouronides 
at an optimum pH of 3.5. This enzyme cannot attack digalacturonic acid 
Full details of our work will be reported in a publication to follow. 
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